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E must go on from the defeats of yester- 


ee day ... each of us working together will 
achieve the final victory. The job that 


should have been done, MUST be done today! 















In the Petroleum Industry we have a vital 
mission to fulfill if our mechanized forces on 


land, sea and in the air are to succeed. To this 


= end, Hanlon-Buchanan is ready with a daily 
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the “Natural” known throughout the world. 











DU M 





Incorporating Petroleum Equipment Exporter 


THE MANAGEMENT PUBLICATION OF THE INTERNATIONAL PETROLEUM INDUSTRY 





VOLUME 13 ANNUAL REFINERY ISSUE, 1942 NUMBER 8 





CONTENTS 


American Refining Becomes a War Industry 338 
COPYRIGHT 


, ; Coprveicurt, 1942, by the estate of 
Refinery Yield Changes in War Time. . . 44 Russell Palmer. Contents may not be 
Rex W. Wadman reproduced without permission. 
General Manager 


Patent System and Petroleum Research . . 438 


CORRESPONDENCE 
E. W. Mayo : 
Editor 4 Appress all correspondence regarding 
Catalytic Research ye ae editorial, advertising and subscription 


matters to 2 West 45th Street, New 


York, N. Y. Telephone Murray Hill 
E, W. Mayo, Jr. 2-7333. 


Managing Editor Published monthly by the estate of 


Russell Palmer, 34 Crystal Street, East 
Stroudsburg, Pa. 


Wartime Refinery Technology . .. . . 56 


London office: Brettenham House, 
S. J. Gallay Lancaster Place, W.C.2. 
Advertising Manager Solving United Nations Rubber Shortage . . 62 Pacific Coast office: Don F. Harner, 


1595 Pacific Avenue, Long Beach, Cali- 
fornia. (Tel. : 613-238) 
Jack Seiden 


Art Director OPC Construction Section Aid to Industry’s 
War Program... +--+ + «+ «© « « @@ SUBSCRIPTIONS 


Annual subscription is offered at the 
flat rate of $5.00 (U.S.) postpaid. 


Sing] i btainabl 5 
Thermal Cracking Facilities . . . . . 74 1 et ee ee 
Lubricating Oil Developments . .. . . 78 
Thermofor Process... + + «+ «© « « #4 


FN “a ee ee ae ee ee ae ee ee a ee 


ol § 


NNUAL REFINERY ISSUE, 1942 35 











Rn ' io iis ae , 5, . . 
Hfish pressure gas separator in a modern Gulf Coast refinery: embodying units for natural gasoline sl 


bilization, thermal cracking, polymerization and alkylation, this plant, eompleted in the latter part o 
1941 fits perfectly into the war production program. Photographed for World Petroleum by Ulric Meise! 
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GOVERNMENT-INDUSTRY COOPERATION FACES NEW PROBLEMS 


‘TRANSFORMATION of the oil industry of the 
United States to an essential war industry represents a 
triumph of team work between industry and govern- 
ment. To the success of this partnership the industry 
has contributed its highly developed resources which 
have been kept steadily in advance of expanding com- 
mercial demands; its patents and processes, worked out 
through long and costly experimentation, for the pro- 
duction of materials vital to successful military opera- 
tions; its capital, trained personnel and the technical 
knowledge requisite for the construction and operation 
of new plants or the adaptation of existing structures to 
new uses. The government for its part has been able 
to advise the industry regarding the products and quan- 
tities required for war purposes; has obtained the waiver 
of legal prohibition against cooperative action, the pool- 
ing of resources, exchange of products and joint use of 
facilities; has assisted in obtaining materials for con- 
struction of plants to turn out products required solely 
for war use, and has extended financial assistance for the 
erection of such plants where necessary. 


In the attainment of its primary objectives the arrange- 
ment has been highly effective. It has succeeded because 
Secretary of the Interior Ickes as the representative of 
the government in the highly responsible post of Petrol- 
eum Coordinator had the vision and sound common 
sense to recognize that the complicated task of supply- 
ing a great war machine with a wide diversity of special- 
ized products for the making of munitions, and the pro- 
pulsion of planes and ships and tanks and other vehicles 
of war could best be directed by men of practical ex- 
perience and technical skill. He built up a staff drawn 
from the ranks of the oil industry and related industries 
to conduct the operating and advisory work of his 
agency. No less essential to the successful functioning 
of the team, as the Coordinator himself has testified on 
numerous occasions, has been the zeal with which mem- 
bers of the oil industry have devoted their energies to 
the supreme task of winning the war, meeting new and 
unanticipated demands as they arose without question 
as to the effect upon their own business or as to how the 
heavy losses involved were to be compensated. 


While the attainments of this joint effort of industry and 
government in meeting direct war demands despite the 
rapid increase in their dimensions give ground for con- 
gratulations on the part of the nation other develop- 
ments in the war situation have raised knotty questions 
which may endanger the future effectiveness of the 
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partnership unless adequate solutions can be found. 
Most of these pertain to matters over which the OPC has 
no direct authority and on which it can only make ree- 
ommendations to other governmental agencies which 
may not have an equal appreciation of the oil industry’s 
vital relationship to successful prosecution of the war. 
A case in point is the penalty of a million dollars a day 
which the oil companies have had to pay because of the 
forced change from sea to land transportation in the 
movement of petroleum from the Gulf Coast to the 
Atlantic Seaboard under a price ceiling imposed by the 
Office of Price Administration. Recent price advances 
authorized in the eastern area do not remove the dif- 
ficulty because they do not apply to heavy fuel oils 
which are most important to the war program. 


Another economic complication arises from the neces- 
sity of changing refinery operations to produce more low 
priced fuel oil and less of the established “money 
product,” gasoline, so that refiners are under the neces- 
sity of taking a loss of $160. on every tank car of fuel 
oil delivered to the Atlantic Coast. Still others are pre- 
sented by the need for increasing the production of 
certain types of crude which can be done only by using 
materials controlled by the War Production Board and 
by inequities imposed upon producers and _ refiners 
through the fact that in order to meet war requirements 
for certain products there is an unavoidable output of 
other products for which no market or perhaps no means 
of transportation can be provided. The prospect of an 
early imposition of nation wide restrictions upon the 
use of automobiles as a means of saving rubber presages 
another set of difficult problems. 


No special incentive is needed to induce the oil industry 
to exert every effort that can be employed to keep the 
nation’s war program moving at top speed. Oil men are 
concentrating their energies upon this one main purpose 
and in so doing are incurring losses which if long con- 
tinued will cripple the industry’s ability to serve effec- 
tively now and hereafter. As Coordinator Ickes force- 
fully told a House committee at a public hearing upon 
the Connolly-Steagall bill no other industry is being 
asked to supply an essential war material below its costs 
and if oil companies are compelled to do so not even 
those that are strongest financially will be able to stand 
the drain as long as the war is likely to last. It is in pre- 
venting the impairment of the industry’s efficiency by 
factors beyond its own control that the severest tests of 
the relationship are likely to be met. 
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AMERICAN REFINING Becomes a War Industry 


| Keeping Pace with Tremendous Growth in Military Demand Plant Facilities 
are Being Provided to Supply Aviation Fuel, Explosives, Chemicals and 


Artificial Rubber to Meet the Needs of the United Nations. 


Ew the transformation of the refining activities 
of the United States to a virtually complete war 
footing the industry has passed through three dis- 
tinct phases. First of these was the national de- 
fense period when the first steps were taken to- 
ward expanding the armed forces of the country 
and increasing the supply of materials needed for 
their use. Its objective was limited to improving 
the nation’s ability to resist possible attack. The 
second step was taken when America assumed the 
role of the arsenal of democracy and undertook 
the task of supplying arms, food and other ma- 
terials under the lend-lease program. The third 
and vitally important chapter opened with the 
Japanese attack on Hawaii. 


With the adoption of plans for a larger navy, a 
moderately expanded army and a substantial in- 
crease in the air arms of both forces it was recog- 
nized that an essential part of this program was 
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provision of arms and armament, planes and tanks 
and other necessary material and equipment. To 
aid in the solution of the problems of supply an 
Advisory Defense Commission was set up in June 
1940 by order of the President. Oil was allotted 
a place in the picture through the appointment of 
a special Petroleum Advisor, a position ably filled 
by Dr. R. E. Wilson. With a small staff of as- 
sistants and with the cooperation of the oil indus- 
try itself, the Petroleum Advisor instituted a sur- 
vey to determine the extent of United States sup- 
plies of materials suited to military use and of the 
facilities for converting these materials into the 
specialized products needed for the equipment of 
the Army and Navy. It was found that some 
forty refineries were in a position to produce avi- 
ation fuel, a term which then included everything 
of 87 octane or higher. Actual production of this 
high test fuel was in excess of current demand 
and stocks were gradually rising, having reached 


4,000,000 bbl. at that time representing a year's 
production from facilities then in existence. 


Among the recommendations of the Commission 
in regard to petroleum was one that productive 
capacity for aviation fuel be increased 50 percent. 
It was the opinion of the military authorities 
that such an increase in output, coupled with the 
accumulation of a six months supply in storage, 
would be sufficient for prospective needs. When 
the President’s suggestion that the production of 
planes might ultimately reach 50,000 a year it 
was estimated that such an output, if ever ob- 
tained, might call for an added 10,000,000 bbl. 
per year of aviation gasoline or a virtual doubling 
of the current production. The figures seem far 
from impressive in the light of later develop- 
ments but it must be remembered that the pro- 
gram envisaged at that time was one of prepara 
tion to resist a possible attack on our shores 
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Although the plan for the purchase and storage 
by the government of a six months supply of high 
octane gasoline was not carried out immediately 
a number of oil companies of their own volition 
moved to construct 100 octane units in anticipa- 
tion of future needs, a fortunate circumstance as 
subsequent events proved. 


Other plans worked out during the term of the 
Advisory Defense Commission which later was 
succeeded by the Office of Production Manage- 
ment provided for a large increase in storage fa- 
cilities at strategic points, for the production of 
war materials such as toluene and various chemi- 
cals and for the construction of cross country pipe 
lines. While not all of these plans were put into 
operation the oil industry was definitely started 
on the way to becoming an essential factor in the 
preparedness plan while the research organiza- 
tions and engineering staffs of the oil companies 
turned their thinking toward the development of 
new means and facilities for serving the national 
defense through production of war materials. 


Adoption of the lend-lease law in April 1941 
committed the United States to the supply of 
food, munitions and other tools of war to the 
nations that were contending against the totali- 
tarian powers. Since these materials were to be 
supplied on credit the demand quickly rose to 
several times the quantities that these countries 
had been able to acquire when each order had to 
be paid for on delivery. One of the products 
urgently needed by all the allied nations was 
aviation fuel and it quickly became evident that 
to satisfy their requirements in addition to those 
of the program set up by the United States for 
its own defense would necessitate a further ex- 
pansion of American facilities for the manufac- 
ture of this and other specialized war materials. 


To obtain the steel and other materials required 
for refinery construction on a large scale, to 
eliminate avoidable duplication of transportation 
and other services and particularly to enable oil 
companies to pool their products and facilities 
where such action would contribute to more eff- 
cient operation (which the companies were for- 
bidden to do of their own initiative by the anti- 
trust laws) it was felt in official circles that the 
authority of the federal government should be 
put behind the oil industry particularly to elimi- 
nate some of the legislative obstacles. 


Accordingly, on May 28, 1941, one day after his 
declaration of the existence of an unlimited emer- 
gency, the President established the Office of 
Petroleum Coordinator for National Defense and 
appointed Secretary of the Interior, Harold L. 
Ickes, as its executive head. In explanation of his 
action the President said in the course of a letter 
addressed to the Petroleum Coordinator: “One 
of the essential requirements of the national de- 
fense program, which must be made the basis of 
Our petroleum defense policy in the unlimited 
national emergency declared on May 27, 1941, 
is the development and utilization with maximum 
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efficiency of our petroleum resources and our 
facilities, present and future, for making petrole- 
um and petroleum products available, adequately 
and continuously, in the proper forms, at the 
proper places and at reasonable prices to meet 
military and civilian needs.” 


As a guide to the Coordinator in the administra- 
tion of his office the President said in another 
passage from the same letter: “It is expected that 
you will consult with the petroleum industry and 
those industries which affect its functioning, to 
aid them in shaping their policies and operations 
in the discovery, development, production, proc- 
essing, transportation, storage, distribution, mar- 
keting, consumption, and import and export of 
petroleum and petroleum products.” 


Although the establishment of this federal agency 
came as a surprise to the oil industry its members 
promptly rallied to the support of the Petroleum 
Coordinator and proceeded to put into effect the 
recommendations which came from his office as 
soon as the preliminary work of selecting a staff 
and setting up an organization was completed. 
Four main divisions were originally established 
to deal with the four chief activities of produc- 
tion, refining, transportation and marketing. At 





the head of the Division of Refining was placed 
Wright W. Gary, an engineer of broad experi- 
ence in refinery design and operation as well as 
in actual plant operation. 


Phillip M. Robinson, who had served under Dr. 
R. E. Wilson in the petroleum work of the 
O.P.M., was selected by Mr. Gary as one As- 
sistant Director, and R. B. Cragin, who has ably 
directed the supply section which has been instru- 
mental in “stretching” the productive capacity of 
existing 100-octane units, was selected as the 
other Assistant Director. From the beginning the 
responsibilities of the Refining Division have been 
particularly great because of the heavy and urgent 
demands coming from many parts of the world 
for specialized forms of fuel and lubricants to 
supply and operate the machines of war. In order 
to appraise the situation accurately it was neces- 
sarv to make a fresh survey of refining capacity 
and to determine what quantities could be manu- 
factured of the products particularly in demand. 
The information thus obtained had then to be 
compared with the estimates of national and in- 
ternational agencies as to their anticipated re- 
quirements. As a net result of this inquiry it was 
found that existing capacity for the provision of 


certain products was inadequate to supply the full 


Opposite, Wright W. Gary, Director of the Division of Refining, Office of the Petroleum Coordinator, 
under whose direction the refining industry is being transformed from peacetime to war time objectives; 


photo by Universal Press. Below, Standard of Louisiana’s recently completed plant yielding raw material 


for butyl rubber. 










































demand then developing. The danger of a coming 
shortage was particularly acute in respect to avi- 
ation fuel although stocks on hand were larger 
than they had been at any previous date. By this 
time aviation fuel had come to mean in the minds 
of military men gasoline of 100 octane as experi- 
ence had shown that nothing less would provide 
the extra speed, pick-up *and maneuverability 
needed for aerial combat. Improvements in design 
and construction resulted in the equipment of 
new planes with engines that would not operate 
efficiently on fuel of lower quality. 


To this task of stepping up the supply of aviation 
fuel the Refining Division of the Coordinator’s 
Office immediately addressed itself. One of the 
first requests directed to the petroleum industry 
by Coordinator Ickes was for a doubling of the 
output of this product and shortly afterward the 
goal was moved upward to a trebling of produc- 
tion. ‘To get action with the least possible delay 
every manufacturer of 100 octane gasoline with 
his staff of technical experts was called in to de- 
termine what could be done quickly to expand 
production. The problem could not be solved by 
new construction alone, because of the time lag, 
but it involved such questions as getting supplies 
of suitable base stocks, utilizing surplus light end 
products from refiners who were not themselves 
making use of them and modifying engineering 
specifications to aid building operations by con- 
serving critical materials. The oil companies 
themselves presented plans for the installation of 
new units capable of providing an increase of 100 
percent in production, using light products that 
were in the main readily available. 


To make possible a further increase in output of 
this all-important material it was necessary to 
look about and discover where additional facili- 
ties could be set up to make use of crudes suitable 
for base stocks and to enlarge the supply of blend- 
ing agents. This survey revealed that the output 
of aviation fuel, because of the very limited de- 
mand, was much below actual capacity. Accord- 
ing to the estimate prepared it was possible, 
through full use of available raw materials, to 
bring production up to three times the 1940 aver- 
age though this involved some risk of denuding 
commercial gasoline of part of the volatility that 
had come to be accepted as an essential charac- 
teristic. This finding forced a study of methods 
for putting more materials into the class of 100 
octane constituents through processes already 
known and established. While aviation fuel easily 
took first place among the subjects demanding the 
attention of the Refining Division during its 
early period of operation other problems were 
not ignored. One of these was the provision of 
toluene for use in the manufacture of explosives. 
Contracts for the construction of large units to 
be devoted to its production were placed. Arrange- 
ments for the erection of four plants to manu- 
facture synthetic rubber also were concluded. The 
business side of this arrangement was handled by 
the Rubber Reserve Corporation but the Office 


of Petroleum Coordinator participated in it be- 
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Some of the units in one of the principal U, S. refining centers; here toluene, aviation 


gasoline, and other war products have been produced for some time in ever increasing 


quantities. it is expected that substantial yields of butadiene will soon be available 


from this plant. 


cause the raw material to be used in the making 
of synthetic rubber was butadiene, a petroleum 
product. It is worth noting that a much larger 
rubber program had been recommended by the 
National Defense Advisory Commission in 1940, 
but the decision of the officials in charge of gov- 
ernment financing was that four plants with a 
combined capacity of 40,000 tons would be suf- 
ficient for the time since shipments of natural 
rubber were coming forward regularly with no 
visible signs of early interruption. 


Getting the construction of these new plants un- 
der way involved a mass of detailed work on the 
part of the Petroleum Coordinator’s staff as well 
as by the engineers of the oil companies and the 
construction firms carrying on the work. Included 
in these activities was the checking of design, the 
obtaining of priorities for restricted metals, con- 
ference with representatives of the Army and 
Navy as to their requirements and with the ad- 
ministrators of Lend-Lease as to products needed 
for shipment to other countries, and consultations 
with the government’s financial agencies such as 


the Reconstruction Finance Corporation and the 
Treasury Department in cases where loans were 
under consideration for the construction of new 
plants. As a result of the coordination effected 
between the oil industry and the various agencies 
of government concerned with the movement for 
national preparedness and assistance to countries 
aligned against the totalitarian powers, this work 
was effectively organized during the six months 
following the establishment of the Petroleum 
Coordinator’s Office. The 100 octane progran 
was well ahead of current demands; surveys had 
been made to determine capacities and potential 
increases from existing facilities; plant expansion 
projects involving an expenditure of $150,000 000 
were in process—some actually building and 
others in the blue print stage; the Supply Pri- 
orities and Allocations Board had approved the 
Coordinator's request for A-l-a ratings on plant: 


producing war materials; owners of patented 


n 


processes had agreed to a 50 percent reducti 
royalties and the members of the oil industry 
were working in close cooperation with the Co 


ordinator’s organization in all these undertakings 
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To spur on the planning of new facilities for 
100 octane gasoline a “New Facilities Section” 
was created in November, 1941. In addition to 
giving searching consideration to the technical 
and economic details of the various new projects 
and negotiating in behalf of the Government to 
determine tair prices for the product, this group 
developed «he full details of the necessary con- 
tracts and steered the prospective contractors 
through the mazes of official Washington to the 
RFC subsidiaries who were authorized to pur- 
chase the product and lend aid in plant financing. 


The technical and economic phases of this work 
were handled under D. W. Wilson, Refining 
Director, District 1, assisted by a staff of aviation 
gasoline experts largely drafted from industry on 
a temporary basis. The negotiational work re- 
quired men experienced in both law and refinery 
terminology. These, too, were “drafted,” largely 
from the industry’s ablest patent attorneys whose 
scientific training made them useful for the work. 


Descent of the Japanese in treacherous attack on 
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Pearl Harbor on December 7 changed the pic- 
ture completely. By making the United States an 
active participant in the world conflict it vastly 
increased the demands upon the nation’s indus- 
tries and rendered all previous calculations obso- 
lete. Up to that time the objective had been to 
satisfy lend-lease demands and the country’s own 
military needs without material disturbance to 
the usual commercial operations of industry. With 
the coming of all-out war, an all-out transforma- 
tion of industry to meet war demands was recog- 
nized as imperative regardless of its effect on 
ordinary business. Goals previously set for pro- 
duction were forgotten before the necessity of 
attaining maximum output of guns, munitions, 
ships, planes, tanks and fuel. Along with the task 
of fueling the greatest air fleet ever assembled, an 
array of fighting ships and cargo vessels larger 
than ever before contemplated and the mecha- 
nized equipment required for transport of great 
armies the United States still had to carry the 
burden of supplying aviation gasoline, fuel oil and 
lubricants to the nations allied with it in the 


world struggle against totalitarianism. 


Fortunately for the cause of the United Nations 
the American oil industry, through the work and 
planning already done was in a good position to 
cope with the tremendous added _ responsibility 
placed upon it. On the day following the first 
Japanese onslaught the representatives of the oil 
industry gathered in Washington in response to a 
summons previously issued by Coordinator Ickes 
and were able to proceed at once to the organiza- 
tion of the industry on a full war basis. The 
Petroleum Industry War Council was organized 
to mobilize the country’s oil resources for full 
effectiveness in the prosecution of the war. Being 
on the ground they were able to confer promptly 
with the members of the Coordinator’s Refining 
Division on the new problems presented by the 
sudden change in the situation. These problems 
were many and complex. The plans and _ pro- 
cedures earlier agreed upon were still applicable 
to the meeting of increased demands as indicated 
by the fact that the first contract for additional 
plant construction was signed within five days 
after the Japanese attack. In carrying forward 
the new program of expansion however, new fac- 
tors had to be taken into consideration. In the 
earlier stages of expansion of 100 octane, toluene 
and butadiene production the provision of new 
facilities was undertaken for the most part by 
companies that had available from their own 
operations the light elements needed for the man- 
ufacture of high test aviation fuel and of the 
alkylate and other blending agents entering into 
it. These same companies, naturally enough, were 
the ones that had extensive plant facilities to 
which new units could readily be added and tech- 


nical staffs for their operation. 


This explains one of the criticisms earlier voiced 
regarding the petroleum war program, namely, 
that contracts for war material plants were in 
most instances assigned to major companies and 
that the small independent concerns did not have 


an opportunity to participate in this activity. The 
explanation of course is that the larger companies 
as already mentioned were the ones that had the 
required materials, the plant equipment, the 
technical knowledge and the financial resources 
needed for the prompt initiation of the construc- 
tion of 100 octane gasoline, alkylation, toluene 
and butadiene plants. In the rush to get a rapid 
increase in the output of such products it was 
necessary in the early stages of the preparedness 
program to call on those who were in the most 
favorable position to supply them. 


Plans of the Refining Division of the Coordi- 
nator’s Office, however, did not overlook the 
utilization of the smaller refineries in the pro- 
duction of war materials. Even before the decla- 
ration of war in December the Division staff had 
been working out plans for combination plants in 
which the light products of these smaller estab- 
lishments could be used in swelling the ouput of 
supplies for the war machine. The incentive for 
bringing into the program all possible sources of 
supply was of course increased by America’s full- 
fledged participation in the war as an active com- 
batant and a considerable number of projects 
were approved for the erection of cooperative 
plants which will draw their materials from a 
group of nearby refineries or for the purchase of 
materials available within a certain area by one 
company which would then be justified in under- 
taking the production of 100 octane gasoline. In 
the program, as finally developed, nineteen major 
companies and thirty-one independent oil com- 
panies are actively participating. Since mid-Janu- 
ary the capacity under contract has been trebled. 
Production has risen 50 percent above the maxi- 


mum estimated a few months ago. 


To facilitate such undertakings for increasing the 
output of products for which there might be small 
demand after the war several plans for govern- 
ment financing were worked out. In the case of 
a company which has or can obtain sufficient 
funds for construction of a plant this may take 
the form of a contract with the Defense Supplies 
Corporation by which the Corporation agrees to 
purchase the output at a specified price designed 
to yield a modest return on the investment. In 
order to be eligible for such contract the oil com- 
pany must submit its plans and cost figures for 
approval by the Refining Division of the Coordi 
nator’s Office and after it has passed this test the 
OPC undertakes to obtain clearance for the 
project from the War Production Board which 
automatically conveys the right to A-l-a priority 
on materials for construction. Revision of the 
sales contract in accordance with changes in raw 


material prices is provided for. 


If a refiner is in need of a loan in order to erect 
a projected plant the Reconstruction Finance 
Corporation through its subsidiary Defense Sup- 
plies Corporation will advance up to 75 percent 
of the total cost after the plans and cost esti- 
mates have received the approval of the Refining 
Division. A similar contract for the purchase of 
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output is made for a period of three years with 
an option to the government agency to renew it 
for two successive yearly periods, the purpose 
being to have it cover the duration of the war. 
Under a third plan the government itself will 
build the plant and lease it back at a fixed rental 
to the refinery who then executes an agreement 
for sale of his product to the government. At the 
end of the contract period the plant remains the 
property of the government which can dispose of 
it in such manner as it deems fit. This plan is 
devised especially for small operators or groups 
who may wish to pool their resources without 
assuming responsibility for operation of a plant 
beyond the period of the emergency. It has been 
applied also in contracts for butadiene plants 
which face an uncertain future with a likelihood 
that they might be unable to operate commercially 
after the war. 


Paving the way for the construction of plants 
through government financing is only one of 
numerous ways in which the Refining Division 
has aided the oil industry in mobilizing its facili- 
ties for war service. The signing of a contract is 
only a first step, though of course a necessary 
one, toward the actual production of needed ma- 
terials. Since the plant is to turn out supplies 
essential to military operations it receives a top 
line priority rating of A-l-a once it is approved 
by the War Production Board. But with ship- 
builders, airplane manufacturers, fabricators of 
tanks and guns and other implements of war all 
demanding steel and other metals in greater and 
greater quantity; with these demands all deserv- 
ing immediate fulfilment, it may, and frequently 
does, occur that a long lapse intervenes between 
issuance of a priority and delivery of the materi- 
als it covers. Before every official in Washington 
who has to do with production activities is a list 
of what are designated as critical materials which 
means that they must be used as sparingly as pos- 
sible. In the erection of a refining plant where 
equipment of mary kinds is called for, reduction 
in the use of these critical materials to a mini- 
mum may lead to a material saving in cost and, 
more important still, in time spent on construc- 
tion, One of the useful functions of the Refining 
Division is to find ways in which such savings of 
time and materials can be accomplished. 


In the earlier months of OPC operation it was 
found that delays in plant construction resulted 
in many cases from lack of coordination in de- 
liveries. Progress on an entire unit sometimes was 
held up by lack of some relatively small but 
essential piece of equipment. To deal with this 
situation a special construction section was or- 
ganized as part of the Refining Division. Its 
function is to allot the fabrication of parts in 
such order that their delivery date will coincide 
with the time when they are needed. Beyond this 
the staff of this section, which is headed by Max 
B. Miller, well known designer and builder of 
plants, is constantly engaged in devising, collect- 
ing and transmitting to constructors new ideas in 
time saving and labor saving methods and short 
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cuts in construction and operation in an effort to 
attain peak efficiency in bringing new plants into 
operation in the shortest possible time. 


In another direction an important step toward 
the more effective utilization of effort and ma- 
terials has been taken by the projection of combi- 
nation units. Since the petroleum products most 
in demand for war purposes are derived mainly 
from the light ends of the refining process there 
appears to be no reason why single plants could 
not be built to produce two or more of these ma- 
terials instead of erecting costly structures to 
supply each one. Engineers of the Refining Di- 
vision developed a basic design for such combi- 
nation units and the technical staffs of various 
oil companies have made important contributions 
to the furtherance of the idea. 


One of the most important results of the rela- 
tionship which Secretary Ickes has described as 
the partnership between the government and the 
oil industry, has been the pooling of effort, the 
interchange of ideas and technical knowledge 
among members of the industry that has been 
fostered diligently by the OPC. This is something 
that the oil industry could not do of its own 
initiative because of the stringent legal prohibi- 
tions against combinations or agreements affecting 
trade. It was early recognized, however, that for 
effective war activity the pooling or interchange 
of efforts, products and processes was of first im- 
portance. One of the first steps taken by Secretary 
Ickes after his appointment as Petroleum Coordi- 
nator was to obtain assurance from the Depart- 
ment of Justice that such united effort, wherever 
it contributed to the prosecution of the war, 
would not be made the basis of legal action 
against the participating. Without 
waiting for Congress to give this assurance the 
binding force of an enactment of its own, which 
it tardily did a few weeks ago, the oil companies 
proceeded without hesitation to do whatever was 
asked of them in this direction because of the 
compelling needs of the situation. 


companies 


Cooperative action was applied first of all to the 
pooling of products and elimination of duplication 
in the movement of oil where it effected econo- 
mies in transportation. Pooling of ideas came later 
when individual companies released to other mem- 
bers of the industry processes which they had de- 
veloped for their own use and agreed to an inter- 
change of technical data that made possible the 
most effective use of the industry’s whole store of 
technical information. This important line of ac- 
tivity is being carried forward by the Processes 
Development section of the Refining Division of 
OPC under the direction of Cary R. Wagner. 


One of the most difficult problems in connection 
with the transformation of the refining business 
to a war footing has been to provide the required 
materials for military use where they were most 
needed without completely disrupting the opera- 
tions of the oil industry in catering to civilian 
demand. This problem has been accentuated by 


the transportation crisis which forced a drastic 
cut in the petroleum supply of the great indys. 
trial region of the eastern states. Despite this re. 
duction in the eastward flow it was necessary to 
keep crude going to eastern refineries to enable 
them to go on turning out war materials for 
which they had contracted and at the same time 
to supply commercial gasoline and fuel oil for 
the maintenance of essential activities and for 
the operation of industrial plants engaged in the 
manufacture of military supplies. At the other 
end of the line, along the Gulf Coast and in the 
Mid-Continent, where the withdrawal of tankers 
led to an accumulation of stocks that quickly 
threatened to overrun storage equipment, the 
problem became one of restricting both produc. 
tion and refining without injury to the war effort. 
On the side of production it was desirable from 
a military viewpoint to stimulate the output of 
crudes especially suited to high yields of base 
stocks for use in the manufacture of high octane 
gasoline, but in a business as highly competitive 
as oil there are obvious difficulties in encouraging 
full production from one group of fields while 
others nearby are asked to cut below their ordi- 
nary proration allowance. 


Similarly, where refinery output of the customary 
range of products is above the capacity of avail 
able transportation facilities to move them, the 
logical course is to close down some refineries and 
to concentrate operations within the remainder, 
The decision as to which shall close and which 
continue, no matter how carefully arrived at, is 
likely to be regarded as dictatorial by some of 
those affected. Stern necessity, however, is forcing 
the classification of Gulf refineries according to 
their relation to the war effort into those that are 
engaged in the production of 100 octane gasoline 
or other military necessities; those that can pro- 
duce high test gasoline for aviation training, 
those that are working to meet lease-lend de 
mands, and all others. The latter classification 
includes plants that have been or may be forced 
to suspend operations, but meanwhile provision & 
being made to protect their owners against loss 
through such action and to transfer the supplies 
of shutdown plants to others that continue in 


operation. The operating program must be con 


tinually adjusted to the available means of trans 
portation and even with all efforts to accomplish 
this, economic unbalance cannot be entirely 
avoided. The operating program of the Refining 
Division is administered by an operation Section 
headed by Douglas P. Bailey. 


In view of the almost limitless opportunities for 
difference of opinion as to essential requirements 
and methods of procedure as well as for charges 
of bias or favoritism in decisions that have to be 
made under the stern compulsion of war the 
work of the Refining Division of the OPC has 
proceeded smoothly, rapidly and with a steadily 
increasing degree of efficiency. Much of the credit 
for this favorable state of affairs is due to Direc 
tor Gary and the highly capable staff he /has 
drafted from the ranks of the oil industry. Con- 
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sdence of the oil industry’s members in the ability 
and character of these men is an important factor 
‘nq this condition while the geniality and inex- 
haustible patience of Director Gary himself con- 
tributes to the smoothing out of such difficulties 
as do arise. Members of the Refining Division are 
themselves the first to point out, however, that 
the achievements that have been reached would 
have been impossible except for the readiness and 
enthusiasm with which the oil industry itself has 
put its resources at the nation’s disposal and has 
exerted its every effort to make certain that so 
far as petroleum is concerned the materials of 
ultimate victory shall be provided in whatever 
amount needed, wherever needed and at the time 
when they are needed. This has involved not only 
the investment of huge sums in the provision of 
war facilities but also the sacrifice in many in- 
stances of profitable commercial operations and 
the acceptance of heavy losses in order to main- 
tain established services for the convenience of 
the public. Through its own organization under 





ANNUAL REFINERY ISSUE, 1942 


the leadership of the Petroleum Industry War 
Council, through the regional committee ap- 
pointed by Secretary Ickes from the ranks of the 
industry and through the leadership and cooper- 
ation of the OPC itself a form of team work has 
been developed that has made it possible to over- 
come obstacles that otherwise would have been 
unsurmountable. The result is an outstanding 
achievement the full details of which can be told 
only after victory has come. 


From the experience already gained since it 
started its transformation to a war footing, 
through the concentration of its research organi- 
zations on immediate war problems and through 
the plans worked out by the refining Division of 
the OPC the oil industry itself has learned much 
regarding the requirements of the greatest war 
machine ever constructed and as to the most efh- 
cient application of its resources to satisfying 
those requirements. As evidence of the industry’s 
readiness to sacrifice all other considerations to 


the demands of the war program the Refining 
Division of the OPC now has on hand more pro- 
posals for war projects than it has authorizations 
to build. This does not mean that the limits of 
wartime demand have been reached but only that 
the industry itself is in advance of the available 
supply of materials for construction. New projects 
will be put under way as it becomes possible to 
do so. Nobody yet has attempted to define the 
ultimate demands of a war that extends to every 
quarter of the globe. Aside from that considera- 
tion provision must be made against possible 
sinkings, bombings of plants and stores and other 
losses. Moreover there is a world wide problem 
of ferrying men and equipment which is assuming 
steadily growing proportions. To what extent the 
further concentration of American refining on 
war production may go it is impossible to foretell 
but it can be said with assurance that whatever 
the demands the oil industry will be ready to 
meet them as fast as the means of construction 
and transportation can be supplied. 


Details of a modern refinery in the south. With large refining 
capacity and limited materials for new construction the petrol- 
eum industry faces the problem of integrating the three main 
programs for production of aviation fuel, toluene and butadiene. 


Photos by Ulric Meisel. 











REFINERY Yield Changes in War Time 


By John D. Gill 


Increased Production of Fuel Oil 
at Expense of Gasoline Output Im- 
poses Heavy Losses Which Call for 
Adjustment — Problem Has Com- 


plexities but Is Not Insoluble. 


DererMination of the reasons for the 
equated yields of heavy fuel oil and motor gas- 
oline from crude oil at any moment in recent 
decades presents one of the prettiest problems in 
petroleum economics. It is a highly complicated 
matter. The mere presentation of the problem 
raises the question: Why make heavy fuel oil at 
all at realizations usually less than the cost of the 
delivered raw material when the art of the in- 
dustry is such that all components of crude oil 
could be converted to motor fuel bringing realiza- 
tions substantially above the delivered cost of the 
raw material? Like many other complicated eco- 
nomic problems, determination of the percentage 


vield of fuel oil at any moment is left to the prac- 
tical integration by hundreds of units of the in- 
dustry of many factors including: (a) costs of 
converting heavy fuel oil to gasoline; (b) the 
value of heavy fuel oil in relation to competitive 
fuels and to gasoline; (c) the current and pros- 
pective cost of production of crude oil and, (d) 
the probable extent of the future supply of crude 
oil. Clearly, radical changes in any of these 
major factors would alter the percentage yields 
of fuel oil and motor fuel. 


For example, if the cost of crude production de- 
clined and the supply of crude oil appeared lim- 
itless, the yield of fuel oil might be expected to 
increase; vice versa, if the cost of crude rose or 
if a shortage of it appeared imminent, the yield 
of fuel oil might be expected to decline. Actually, 
the yield of fuel oil has declined over the years. 
There was a time when it exceeded 50 percent. 
In the decade and a half since 1927, it has de- 
creased from 36.6 percent to less than 25 percent, 
in response to the urge to conserve crude oil and 
to utilize the developing art of converting heavy 
fuel oils to automotive fuels. During the past 
fifteen years, the history of yields, country-wide, 





Chart I 
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of the four principal products together with the 
resultant effect of changes in yields, operating 
costs and capital requirements upon unit values, 
and the derived ratio of the unit value of each of 
the major products to the average unit value of 
all products are presented in Charts I to IV 
inclusive on this and the following pages. 


It may be assumed from the declining trend of 
the percentage yield of residual or heavy fuel oil 
that refiners have found it advantageous to re- 
treat as rapidly and as far away as possible from 
the competition which other fuels, notably coal, 
offered to their own chief byproduct. True, over 
a long period, and due to the rapidly expanding 
demand for gasoline and some other petroleum 
products, the industry has made larger absolute 
quantities of heavy fuel oil. But the significant 
fact is that it made less and less of this material 
with respect to total output. The main reason 
for this changing relationship will appear clearly 
from an examination of Chart IV. Sometimes, 
the industry received for heavy fuel oil only 30 
percent as much as it received for the average of 
all products and rarely ever did it receive as much 
as 50 per cent. There has been very little incen- 
tive to make heavy fuel oil. On the other hand, 
as shown by Chart I, the production of gasoline 
has been favored because even in the earlier years 
of the period presented realizations for gasoline 
approximated 150 percent of the average realiza- 
tions for all products and only in one year of the 
period did gasoline realizations fall to as low as 
130 percent of the average. Prior to 1927, gas- 
oline was still more favored than in the period 
under immediate review. 


It will also be observed from the charts that, over 
the period since 1926 (a somewhat longer period 
would portray the changing relationships even 
more strikingly) the price of gasoline has de- 
clined substantially while the price of residual 
fuel oil has moved nearly sidewise, being actually 
as high in 1940 as it was in 1928 and a trifle 
higher in 1941 than it was in 1929. It may be 
said that always the price of gasoline has been 
subject to all of the refining technological ad- 
vances made within the industry. That is, the 
public has received the benefit of these advances 
through the price declines indicated by the data 
of Chart I. Now the price structure of the prod- 
ucts of petroleum, that is, the absolute prices of 
the individual finished components of the raw 
material and their inter-relationships, are clear} 
dependent upon several factors: the price of com- 
petitive materials; the extent of their existence in 
the raw material; the cost of producing virgin 
vields of them; and the cost to convert raw ma- 
terial most suitable for one product into an en- 
tirely different product. Each product contributes 
a share of the total gross income of the refining 
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industry, which in the aggregate equals the de- 
livered cost of raw materials, operating costs, 
fixed charges, overheads and earnings expressed 
algebraically. The contributions of the several 
products are presented in Chart VI. It will be 
seen from an examination of the chart that, for 
years, gasoline has been contributing approxi- 
mately 60 percent of the total gross refinery in- 
come while residual fuel oil has provided only 
about 12 per cent. Gasoline has contributed, gal- 
lon for gallon, more than three times as much as 
heavy fuel oil and on a gross dollar basis five 
times as much. Chart VI shows for the United 
States refining industry the variations from year 
to year in the dollar per barrel contribution of 
each of the major product groups to the refiner’s 
gross income from refining (packaging, etc., 
omitted ). 


In the light of the facts just stated, it must be 
very clear that a change in the percentage yields 
of the several products is likely to make a change 
in the refiner’s gross income. If the change is the 
relatively simple, but important, one recently im- 
posed upon the industry, namely, of raising the 
gravity and percentage yield of heavy fuel oil 
and lowering the percentage vield of gasoline, the 
effect upon the refiner’s income is profound. 
Thereby a set of conditions suited to financially 
Satistactory operations is replaced by a set of con- 
ditions which results not only in a decline of 
earnings but in actual monetary losses. If, for 
example, the yield of gasoline is reduced by 20 
percent and the yield of fuel oil increased by a 
corresponding absolute volume as shown by the 
unconnected termini of the dotted lines of Chart 
V. the effect upon gross income at constant prices 
is that shown by the unconnected termini of the 
dotted lines of Chart VI. The decline in overall 
income in this instance is 15 cents per barrel. 
Percentagewise, a reduction of 15 cents per bar- 


AN UAL REFINERY ISSUE, 1942 


Chart Il 


rel represents a decline in gross income of only 
7.6 percent. To the uninitiated, this may seem 
inconsequential. But the refining branch of the 
industry ordinarily works on very narrow mar- 
gins. For its entire service, the refining division 
receives net, after all costs and charges, on the 
average only about one-sixth of a cent for each 
gallon of products it produces. For all that it 
does it charges the public only about one cent per 
gallon, that is, for the use of, and wear and tear 
on, equipment employed in the refining process 
and for all its out-of-pocket expenditures for 
labor, fuel, utilities, chemicals, supplies and main- 
tenance materials. Of course, there is no basis 
for comparison of this expenditure with a stand- 
ard set-up for industry performance. However, 
on an absolute cost basis, and in the light of the 
intrinsic values incorporated into products by the 
refining process, it seems like a very modest 
amount. There was a time not many decades ago 
when the industry had to charge from three to 
four times that much for its service. The cur- 
rent level of total charges is the result of con- 
tinuous, measurable technological improvements. 


Even the small measure of return on investment 
mentioned in the preceding paragraph is depen- 
dent upon close attention to costs and yields. 
When yields of the more valuable products de- 
cline, earnings suffer. This fact was recognized 
and clearly stated by Mr. Ralph K. Davies, 
Deputy Petroleum Coordinator, when on May 
26 last he stated to the Oil Subcommittee of the 
Committee on Interstate and Foreign commerce 
of the House of Representatives: “In order to 
obtain greater volumes of fuel oil and lesser vol- 
umes of gasoline, the Government has found it 
necessary to direct that changes in normal re- 
fining practices be made which will accomplish 
a different yield of various products from a bar- 
rel of crude in certain areas. This, in effect, has 


meant for the refiner that he convert gasoline into 
fuel oil. The operating procedure is not quite so 
simple but the effect is precisely that. High 
valued products are debased and to this extent 
values are destroyed.” 


As stated earlier in this article, at any given mo- 
ment the price structure is predicated on a fairly 
well established set of relationships between the 
contributions of each product to the total income 
needed to cover the refiner’s total charges. Any 
disturbance in one factor immediately creates the 
need for a change in one or more of the other 
factors. This should make it clear why, in an 
era of fixed ceiling prices, the ceiling price base 
period characterized by one set of yields is en- 
tirely unsuited as a ceiling price basis for another 
period characterized by an entirely different set 
of yields established arbitrarily by order, recom- 
mendation or directive issued to satisfy expedi- 
tiously some imperatively urgent demand. From 
the preceding statements, it may be understood 
that a change in yields no greater than that de- 
scribed may in one month cause a deterioration 
in the refiner’s gross income equal to the average 
return on his investments in the refining branch 
of the business on two or three months of oper- 


ations of average financial satisfactoriness. 


Risking possibly boresome repetition of the prin- 
ciple involved for the sake of clarity: An eight 
percent return on net refining investment figures 
out to about seven cents per barrel of crude run 
to stills. Eight percent is as much as refiners 
make on the average although at times they have 
made more and, at other times, much less. It is 
an elementary fact, but one that appears to need 
restating and emphasis, that the profit of refiners 
is dependent on the yield structure set up under 
any particular price structure and the costs to 
produce those particular yields. The factors, of 
course, are to be measured simultaneously at any 
given state in the developing art of the industry. 
By processing crude oil the value of the raw ma- 
terial is increased by an amount equal to the dif- 
ference between what is realized for products and 
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the cost of the raw material. The lower the de- 
gree of fabrication in general, the lower the proc- 
essing costs and, also, the lower the unit profit. 
But in the case of a refinery facilitated and or- 
ganized for a low degree of fabrication the rate 
of return on investment may be as great as in 
cases of more elaborate processing which employ 
the most modern and varied equipment. By and 





Chart IV 


large, no product can be sold at less than the de- 
livered*price of the raw material plus operating 
expenses plus fixed charges and overhead plus 
profit unless the deficit represented by its lower 
than average value is offset by gains from prod- 
ucts which sell at above the delivered price of 
crude plus operating expenses and so forth. Fuel 
oil and gasoline are illustrative. The former or- 
dinarily sells below the average costs; the latter, 
above. 


Consider a simple assumed case: If the delivered 
price of crude oil is $1.37 and processing 30 cents 
and profit seven cents the aggregate value of all 
products must equal $1.74. If the gasoline yield 
represents 50 percent of the crude and heavy fuel 
oil 50 percent (for simplicity’s sake no loss as- 
sumed) and if the price of the first-named prod- 
uct is fixed so that it provides 65 percent of the 
needed $1.74, then the other product must of 
necessity be priced to return the other 35 per- 
cent. If the value of the gasoline is 65 percent 
of $1.74 or $1.13, when the price of gasoline is 
5.38 cents a gallon, then the fuel oil must bring 
35 percent of $1.74 or 61 cents which divided by 
50 percent of 42 gallons or 21 gallons is 2.90 
cents per gallon or $1.22 per barrel. If now, for 
any reason, at the current state of the art, the 
yield should be changed to 40 per cent gasoline 
and 60 percent fuel oil, the needed recovery 
from the value of products will still be $1.37 
plus 30 cents (less a slight discount to allow for 
lessened cracking) plus seven cents or, very nearly 
as before, $1.74. Clearly if the price of fuel oil 
were fixed at $1.22, that product would provide 
60 percent of 42 gallons times 2.9 cents or 73 
cents and the gasoline portion of the barrel of 
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products would have to provide the remainder of 
the $1.74 or $1.01 which would be covered by 
only 40 percent of 42 gallons or 16.8 gallons, 
equal to six cents per gallon. 


Of course, this is a highly simplified, hypothetical 
case. Actually, the effect of a change of yields 
in the interest of satisfying the needs of the war 
economy is complicated if simultaneously with 
the change in yields of the major products other 
changes are made in refiners’ crude processing by 
inclusion of production of essential war special- 
ties for aviation gasoline, synthetic rubber, to- 
luene and so on. The difficulties of analysis are 
increased by the unavailability of data on these 
newer processes—a direct resultant of inexpe- 
rience. Nevertheless, for the determination of the 
main issue, these complications probably are rela- 
tively unimportant for the reason that the volume 
of specialties is very low and the changes in costs 
incurred on account of them is such a small pro- 
portion of total costs as to alter but little any 
conclusion based solely upon consideration of the 
fundamental yield changes. 


Temporarily, the long march of progress of the 
refining branch of the industry to increase the in- 
trinsic competitive value of the products of crude 
oil, that is, to make more of so-called superior 
products, is halted. But the revolutionary 
changes in the oil economy which have been ex- 
pressed as a swing from a gasoline economy to a 
fuel oil economy by Mr. W. E. Perdew, who has 
performed a notable statistical research on the 
matter, and others, should be viewed in the light 
of the present emergency. The changes effected 
are simply a means of satisfying conditions cre- 
ated temporarily by a shortage of transportation. 
There being no ready way of curtailing fuel oil 
usage by industries essential to the war, and be- 
cause of the transportation shortage, a reduction 
in refinery runs appeared to be a physical neces- 
sity in the refinery areas whose normal markets 
were affected by the transportation shortage: 
hence the change of yields to maintain at as high 
a point as practicable, the absolute output of 
heavy fuel oil. But because of the declining 
throughput even the substantial changes in yields 
whereby gasoline was stepped down and fuel oil 
stepped up, failed to provide sufficient fuel oil for 
essential purposes in this great market so that ad- 
jacent areas were also called upon to make more 
fuel oil relative to gasoline. Hence a change in 
yields is necessitated in all areas supplying the 
market along the Atlantic Seaboard normally 
served by deep-water transportation. 


While simple hypothetical illustrations have been 
used for the purpose of presenting in briefest 
compass the principles involved in adjusting the 
price structure for arbitrary changes in yields of 
products, the matter is no academic one but rather 
constitutes an exceedingly practical problem tax- 
ing the competence of the affected branch of the 
industry and of the personnel of government 
agencies charged with maintaining the industry’s 
wellbeing and effective performance in behalf of 





our industrial war effort and civilian requir. 
ments. An industry as important to the nation 
economy as the refining industry cannot long syj. 
fer financial deterioration in the results of its op. 
erations without, sooner or later, experiencing dis 
abilities in its sheer power to serve and, also, of 
long term importance, in its internal competitive 
structure. This structure is threatened by the 
differential effect upon the several units of the 
industry of the necessarily different degrees oj 
compliance with any specific directive. The lat. 
ter differences may be due to variations in cop. 
tributions to the production of essential wa 
products. 


The loss of revenue resulting from a degrading 
change of yields of products must be compensatej 
for by one means or another. Fortunately, th 
principles underlying corrective measures are well 
established. The relationships between pric 
structures and changes of yields are compara- 
tively simple. If relief is accorded through the 
medium of a price increase, it becomes clear im- 
mediately that the same price must apply to all 
producers and sellers operating in a given market, 
But obviously the effect of a uniform price in. 
crease upon these operators would be variable un. 
der conditions characterized by variations in per- 
formance stated above. This presents a not ur- 
surmountable problem to be solved. On the 
other hand, if relief is considered by means of 
compensatory adjustments which are of necessity 
in the nature of definite dollar payments, the 
agency charged with administration of relief is 
immediately confronted with the virtual impossi- 
bility of acquiring accountancy precision in the 
measurement of the losses sustained. It appear 
clear that under these conditions relief by the 
very natural, proper, economic and desirable me. 
dium of price increases must be given first con- 
sideration. Very likely, at the current stage o! 
relief administration, price increases to offset this 
type of burden would be readily embraced if the 
great burdens arising out of the high cost of 
tanker-substitute transportation, which patently 
are subject to precise dollar measurements, had 
been solved by the equally precise method of com- 
pensatory adjustment instead of by price im 
creases. 


The actual conditions present other problems to 
an agency charged with providing relief. But 
they are not insoluble. The problem of apprais 
ing the effects of the production of war essential 
products has been mentioned. Action should not 
be long delayed because of the present insolv- 
bility of this minor aspect of the problem. Then 
there is the further complication that losses it- 
curred by certain refiners from a degrading 
change of yields has been in some measure offset 
by the acquisition, temporarily of new markets 
On the other hand, other refiners have not only 
been called upon to effect a degrading change 0 
yields but also, at the same time, have lost sub 
stantial portions of normal markets. 


But the industry is petitioning only for sound a¢- 
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justments in order to be able to maintain its 
proper position in the national economy. This at- 
titude is adopted in full recognition of the enor- 
mity of the problems presented to the govern- 
ment agency charged with providing relief. Not 
least among the factors underlying favorable 
consideration of the industry’s claims for relief 
is the very great need to keep its refining branch 
fit for the most efficient production of petroleum 
products during the emergency. Following 
closely upon such a consideration is the supple- 
mentary one that the industry should be kept 
financially strong enough to be well prepared for 
the effects of big obsolescence write-offs growing 
out of anticipated large scale technical improve- 
ments in the immediate postwar period. Certainly 
these objectives provide good reasons for ceasing 
to perpetuate ceiling prices predicated upon con- 
ditions which have been greatly altered as a result 
of the impact of the war upon the petroleum in- 
dustry. Otherwise, it may be said that for the 
petroleum industry the rules have been changed 
in the middle of the game and in a manner im- 
posing considerable hardship on the industry. 


For another very good reason, the importance of 
timeliness in providing relief should be recog- 
nized. While at the moment it may be beyond 
categorical proof, there is today a concensus of 
opinion that a larger volume of petroleum prod- 
ucts could be set down in the Atlantic Seaboard 
area, thus increasing the definite assurance of 
supplying all essential industry needs and of more 
nearly satisfying all other desires of consumers 
without any hurt whatsoever to the most vigor- 
ous prosecution of the war, if the units of the in- 
dustry were freed from the fears of losses, which 
not only have been threatening but which have 
been real and substantial. Some of these losses 
have in effect subsidized other industries. The 
oil industry ought not to be asked to subsidize 
other industries and the public generally. Free 
the industry from these fears by appropriate re- 
lief action and the supply of petroleum in the 
area hurt most by the impact of the war could be 
increased up to the very limits of the physical 
capacity of transportation and other appropriate 
facilities. Parenthetically, it must be clear that 
no matter what one thinks about the reduction 





Chart V 


ANNUAL REFINERY ISSUE, 1942 





Chart VI 


of gasoline usage on account of the need to con- 
serve rubber, there can be no similar explanation 
for the threat to the comfort and welfare of users 
of domestic heating oils who have been rationed 
mildly and who may be rationed rigorously. 
These needs could be met readily by more high 
cost transportation and related operations, 


Approximate justice is better than no justice at 
all. The difficulty of providing precise statements 
of the monetary extent of the hurt incurred by 
compliance with change of yield orders should 
be no barrier to the provision of relief through 
the medium of increases in the prices of products. 
At best the method of relief by price increase is 
approximate. Moreover, it is a method which 
makes it possible for the providing agency to keep 
control of the situation. Furthermore, there is 
no necessity for petroleum price increases to have 
unfavorable effects, either externally, that is, 
upon the attempts to maintain a satisfactory de- 
gree of stability in the nation’s price structure, 
or internally, that is, upon competitive structure 
of the industry, specifically. In the first instance 
there need be only due consideration of the fact 
that the prices of competitive products and serv- 
ices act as anchorages for those of certain prod- 
ucts of the oil industry, and that the effect of 
other price increases of petroleum products is in- 
consequential with respect to alterations in the 
general price structure. In the second instance, 
violence to the competitive structure of the oil 
industry can be avoided by recognition of the fact 
that when one important element of the economy 
is altered arbitrarily, such as industry’s price 
structure, by the adjustment of ceiling prices, 
then some other element of the economy may 
have to be altered also. This other element in 
the matter under consideration may be volumetric 
control. Volumetric control of production and 
movement of products is subject to the jurisdic- 
tion of another governmental agency and its ex- 
tensive use might be invoked to prevent serious 
dislocations among the members of the petroleum 
industry which might otherwise result from the 
differential effects of price increases of products 
not meeting external competition. 
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ATTACK ON PATENT SYSTEM 


Threatens Petroleum Research 











SuHortLy Arrer the end of World War | 
the American petroleum industry began a tech- 
nological renaissance. Methods of finding, pro- 
duction and refining passed through changes call- 
ing for vast expenditures. The more important 
of these new methods and improvements are fa- 
miliar to all who are well acquainted with this 
industry. Of course other American industries 
were improved during the same period and 
through the same means, scientific research, good 
That the petro- 
leum industry underwent greater changes during 
this period than any other great industry, with 
the possible exception of radio, is indicated by the 
accompanying data on research personnel quoted 
by the Temporary National Economic Commit- 
tee (Monograph 22, page 209). 


engineering and management. 


The building of this research personnel is paral- 
leled by equally expanded engineering staffs and 
the entire picture includes not only many mil- 
lions spent on personnel, but also many more mil- 
lions spent on research and engineering facilities 
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Although Protected Processes and Technical Knowledge Have Bee, 


Made Fully Available for Furthering War Program Legislative Pro. 


posals Would Permanently Abridge Right to Benefit From Discoveries, 


By Dr. Benjamin T. Brooks 


Dr, E. C, Hughes (left) senior supervisor of experiments at the Standard Oil Company of Ohio's 
new research laboratory with the model of the long heptane molecule which has been transformed 
into a ringform to make toluene, one of the primary war 


and still much greater sums on applications in the 
form of field and plant equipment. All this ex- 
penditure and technological advance has been 
made in the confident belief that these invest- 
ments were reasonably protected by our patent 
system and the integrity of our courts. Also, as 
a result of this common belief, most oil companies 
have pursued very liberal policies as regards the 
publication of scientific and technical papers. The 
encouragement of the publication of such scien- 
tific and technical advances for the public good, 
was one of the primary reasons for the establish- 
ment of our patent system. 


The petroleum industry has an interest .in pre- 
serving the patent system from destruction or 
sabotage and while such interest is doubtless 
shared by other large industries, the oil business 
has a relatively great interest by virtue of the 
fact that many of its operations are new enough 
to be still protected, at least theoretically, by pat- 
ents; also by virtue of its large stake in research 
and engineering personnel, well organized for 


products 


Another matter 
which should be of real concern is the fact that. 
although sometimes falsely accused by a few pub- 


further technological advances. 


lic officials as being obstructionists, the oil indus- 
try has pooled its processes and technical infor- 
mation, including in many instances, private re- 
search information and pending unissued patents, 
for furthering our war effort. Patent royalties 
have been scaled down to the vanishing point or 
eliminated altogether for the duration. Many of 
these processes will be industrially important af- 
ter the war; for example, the manufacture of 
synthetic rubber. It is indeed a question as to 
what the status of many processes, disclosed or 
specially licensed to aid in the war, will be after 
hostilities cease. Will the “emergency” arbitrarily 
be declared to continue, and indefinitely? More 
concretely, however, the patent system is under 
attack, not as to details or minor matters of pro- 
cedure, but fundamentally. It is clear from the 
voluminous socialistic literature that patents, giv- 
ing the inventor or his assignees a temporary 
monopoly of his invention, have no place what- 
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either the socialistic or communistic 


ver in : 
‘ things. Much of the propaganda and 


scheme 0! ; 
legislative attack now being directed against the 
patent system stems consciously or unconsciously, 
‘rom this collectivist point of view. 


The Constitution, with characteristic brevity, 
rates that to the Congress is delegated the power 
ite the progress of science and the useful 


to pro! 

ats “by securing for limited times to Authors 
and Inventors the exclusive right to their writ- 
ings al discoveries.” However, it is not neces- 
ary to amend the Constitution to nullify our 
patent system. All that is necessary is for the 


Supreme Court to re-define invention in terms 
that will invalidate most of our existing patents. 
The present attitude of this court to patents is 
well known and is shown by its recent record in 
sustaining only one out of sixteen patents in cases 
before that court. In one recent case the majority 
opinion declared a patent to be invalid unless it 
showed a “flash of genius.” This of course is 
no definition, but under such a precedent prob- 
ably 98 percent of all existing patents could be 
invalidated. Such invalidate 
practically all patents which are the result of 
painstaking systematic research, particularly those 


a criterion could 


inventions resulting from the effort of a group of 
investigators as is so often the case in organized 
industrial research. If Midgley and Boyd had 
not tested many hundreds of compounds for thei: 
anti-knock value in gasoline, but had pounced at 
once upon tetra-ethyl lead through some myste- 
rious stroke of inspiration they might have been 
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credited with a “flash of-genius,” or can there be 
c-inventors? If Burton could have jumped at 
once from his pressure shell still of 1912 to the 
combination tube cracking still of 1934 he too 
could be credited with a flash of genius. The 
flash of genius decision is too recent to determine 
whether other courts will follow the Supreme 
Court in this view or whether in future cases this 
court will clarify for us what is meant by a flash 
of genius. A member of the Temporary Na- 
tional Economic Committee recently wrote, ‘“The 
Constitutional provision is as the statute makes 
it; and the statute has whatever meaning the 
stream of administrative and judical rulings give 
to it.” (Monograph 31, page 2). 

Pending legislation in the Congress not only re- 
flects the judicial antipathy toward patents, but 
emphasizes public interest versus private interest. 


of Research Personnel from 1927 to 


1938 by Industrial Group: 


Growth 


Percentage Increase 


Petroleum and its products .....................0-5 538.7 
Food and kindred products ...............-..0..0000- 255.1 
SND, cadudicseuketacan sere seenneaseeoodiwestewaen 252.9 
Se WN ait eae ap crm bage oon badeaes 190.2 
OMNI hi 2 shan Basu nica eased ies Cbd 189.4 
Paper and Allied I igtas ined ened etecananawenas 177.5 
Ree R died veces Jobe teah eae cama ein 175.5 
Glass and ceramic products ..................-2-e00- 166.4 
OR WN oa c.g Pon va watle a nak oealaNsiere 101.8 
MANGINI sie occ 05k SiG ats ons aie eRe ae caees 72.7 
Electrical machinery, apparatus and supplies ........ 58.1 
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Again, the T NEC writers state: “The prob- 
lem demands a series of attacks upon a number 
of levels . . . The rank growth of custom by 
which sanctions are held in bondage to vested in- 
terests, needs to be trimmed away or subdued to 
And again, “As yet the line 


between the patent privilege and the general law 


the public interest.” 


is not clearly defined. The patentee insists that 


‘exclusive’ is an absolute right; the government 
retorts that all rights are subject to the general 
law and that letters patent create no immunity 
to antitrust. A large body of industrial practice 
is in accord with the claim of the patentee; the 
trend of judicial decision seems to favor the gov- 
In connection with the lat- 
ter statement, the Commission refers to the de- 
cision in the case of Ethyl Gasoline Corporation 


vs. the U. S. 309 U. S. 436 (1940). 


ernment’s decision.” 


patents relating to polymerization were contrib- 
uted by Standard Oil Company of Indiana, 
Texas Company, Gasoline Products Company, 
M. W. Kellogg Company, Standard Oil Devel- 
Phillips 
Company. In the same way the development of 
Shell 


Standard Development, Texas Company, Anglo- 


opment Company and Petroleum 


alkylation was shared by Development, 
Iranian and Universal Oil Products Company. 
The small royalty proposed was approved by the 
government and the process has been widely li- 
censed and installed. Without these processes it 
would have been impossible to produce the vast 
quantities of 100-octane gasoline now required by 
the United Nations. 


cracking patents, if any one company had held 


As in the case of the oil 


out for unreasonable royalties, the full advantage 


of incorporating all features contributed by the 





Electron diffraction camera used in Shell Development Company’s laboratories for the 
study of catalysts which have become the most imnortant instrument of war time refining. 


Among the practices of which the T N E C com- 
plain in their report to the Senate was that of 
cross-licensing and pooling of patents, and in this 
connection they refer to the cross-licensing of 
cracking patents which was tried in U. S. vs. 
Standard Oil Company of Indiana (283 U. S. 
163) (1931). 


“no monopoly or restriction of competition in the 


In this case the court found that 


business of licensing cracking patented processes 
resulted from the execution of these agreements” 
and the court refused to sanction or to condemn 
the practice of cross-license. The Commission ad- 
mits that any company having made an important 
contribution as expressed in one or more patents 
having to do with the general subject of a patent 
pool, thereby becomes a member of such a pool. 
As the court found in this cracking patent pool, 
it can be equally well said that the cross-licensing 
of patents relating to polymerization has likewise 
not interferred with the widespread general adop- 


tion of polymerization processes. Processes in 


various patents concerned could not have been 
obtained. 


If the demand for royalties appears to be too high 
to permit general adoption this inevitably stimu- 
lates others to develop independent competing 


processes. This may be the explanation of the 
fact that chemists of the Standard Oil Company 
(New Jersey) developed a catalytic cracking 
process known as the “fluid catalyst process” now 
being widely installed and which can be operated 
to produce large yields of butene required for the 
manufacture of butadiene and synthetic rubber. 
Our socialist friends appear to see in these cross- 
licensing agreements an expanded monopoly. 
They fail to understand, or do not mention, the 
great complexity of such operations and the im- 
which 


such processes are carried out, the pooling of 


provements and details of apparatus in 


which makes for most efficient operation. To 


prevent such cross-licensing would seem to be an- 
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Research on the effects of sulphur on antiknock quality of fuels. Ethyl Corporation, in whose 
laboratories this picture was taken, has spent years studying motor fuels under varying condi- 
tions; these studies are now proving of decisive importance in the world wide struggle for aerial 


supremacy; the patents, however, did not result from “a flash of genius.” 


alogous to forbidding the various members of an 
orchestra playing together. The real bone which 
sticks in the throat of these critics, however, is 
that the pool may collect a royalty from others 
who have made no contribution to the develop- 
ment. As the T NEC writers say, “The in- 
strument of the progress of science had become a 
weapon for the pursuit of gain.” Presumably, 
the orchestra if permitted to play together should 
not defray their expenses or enjoy any financial 
return from the gate receipts. 


Under the guise of war-time emergency, two bills 
have been introduced in the Senate and the Sen- 
ate Patent Committee has recently been conduct- 
ing so-called hearings in regard to these bills, 


S$. 2303 and §.2491. The Congress has been 
flirting with the idea of compulsory license of 
patents for several years. The Bill S. 2303 would 
permit the President during any war involving 
the United States to find and declare that the 
manufacture, use or sale of any article or process 
is insufficient and should be expanded whether 
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This act would then 
come into force automatically and any person 
could then apply for a license under the patents 
upon terms prescribed by the President. There 
is no provision whatever for the patent owner to 
be heard and show what is a reasonable royalty 


for government or not. 


or that there is sufficient manufacturing capacity 
in the country, so that there is no need of ex- 
panding the manufacture by others. The owner 
of the patent will be unable to obtain an injunc- 
tion to stop such use by others whether licensed 
or not. This bill is definitely not limited to the 
war period, since the President on the advice of 
anybody may seize the patents, application, inven- 
tion or license not only when the United States 
is at war, but as the Assistant Attorney Gen- 
eral has pointed out, using the words of the bill: 
“during any period of national emergency de- 
clared by him to exist.”” We have had a series 
of some forty odd national emergencies since 
1932. The President may thus act without a 
hearing and the first inkling of it that the patent 
owner would get would be a notice from the 


Furthermore, failure 
to pay royalty or judgments will not invalidate 
the license or permit stopping the defaulter from 
infringing. There is no provision for terminating 
the license or returning the patents to the original 
owners after the emergency has passed. 


Commissioner of Patents. 


We already have a general statute giving the gor 
ernment full power to have any patented product 
made or process used for the government by any 
manufacturer without interference by the pater 
tee and any compensation due the patentee is to 
be settled in the Court of Claims. However, the 
proposed Bill S$. 2303 is not confined to produc 
tion for the government, but throws the patent 
wide open for use by anyone for the purpose on 
the decision of a subordinate official delegated by 
the President and without a hearing. Under this 
act, any industry or any particular compan) 
could be punished by a hostile administration oF 
unfriendly advisor of the administration. Appat- 
ently, under this act, all the patents relating t° 
synthetic rubber for example may be licensed t0 
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ody for as long a time as the President may 
choose to consider an emergency to exist and 
upon such terms as he or his favorite advisors 
may choose. 


Senate Bill 2491 is not war-time or emergency 
legislation, but is intended to be permanent. It 
goes a long way in curtailing the rights of pat- 
entees and thereby rendering the patents them- 
selves of doubtful value. According to this bill, 
-he use.of a patent may be thrown open to the 
public if the patentee has failed either to use it 
commercially within three years after issuance or 
to license it to others within that period. Fur- 
thermore, if at any time the patentee has refused 
to issue licenses under the patent for any reason 
whatsoever, the penalties of the act may be in- 
voked. If a patentee doing business only in the 
Eastern States were to license another manufac- 
turer to operate only on the Pacific Coast, the 
penalties of the act may be invoked. If the pat- 
entee licenses another to the use of the invention 
and limits his use to the product or process of 
the other, the penalties of the act may be invoked 
and the patent declared void. 


It is provided that in hearings held by the Com- 
missioner of Patents under this act, the Commis- 
sioner is not bound by the rules of evidence. Tes- 
timony, not under oath, and hearsay, whether 
true or not, opinions sound or not, in fact, prac- 
tically anything will be received and heard and 


Shell Development’s machine for testing relative 
esistance of lubricating oils to oxidation. These 
nd similar studies have placed the United States 
ol industry in a position to furnish quantities of 
riation fuels and lubricants of a quality superior 
those of any other nation. Without the pro- 
tion of the patent structure such privately 
anced research would have proved impractical. 
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truth or falsity of such evidence may never 
determined. One section of the bill may per- 
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haps be interpreted to bar completely transfer of 
a patent from an inventor toa corporation. 


The petroleum industry has been throughout its 
field largely American and by far the great ma- 
jority of processes now used have been American 
inventions. However, one of the major changes 
currently taking place revolves around the use of 
petroleum products, cracked gases and the like in 
the manufacture of chemicals, solvents, synthetic 
rubber, toluene and so forth. Certain companies 
have been publicly castigated for having acquired 
American rights under inventions developed 
abroad. The Anglo-Iranian Oil Company par- 
ticipated in the development of alkylation for 
making high octane aviation gasoline. This com- 
pany was included in the cross-licensing agree- 
ment with American companies as- noted above. 
The case of the synthetic rubber patents ac- 
quired by the Standard Oil Company (New 
Jersey) from the I. G. Farbenindustrie, the ac- 
quisition of patents for manufacture of hydrogen 
by the New Jersey Company and the acquisition 
of the Carballoy patents by the General Electric 
Company, have been condemned in general terms 
by public officials and these companies have been 
charged with impeding or frustration of our war 
effort as regards American use of these processes 
or products. By acquiring American rights under 
these patents, and, in some cases also rights in 
certain foreign countries, these companies have 
been accused of entering into a so-called “Cartel” 
arrangement with all sorts of horrible corollaries. 


In the case of hydrogen, the Standard Oil Com- 
pany (New Jersey) wanted the rights for the 
hydrogenation of oil and was not concerned with 
the use of hydrogen for use of synthetic am- 
monia. The charge has been made that by ac- 
quiring a restricted right, the company gave the 
German interests the ammonia rights. The Ger- 
man interests had the ammonia interests all the 
time; Jersey simply did not acquire them. They 
certainly would have been criticized with equal 
severity if they had acquired them. This whole 
matter has been fogged by many ill-considered 
accusations and Mr. Thurman Arnold has sug- 
gested as one possible remedy that the U. S. 
Government carry on sufficient research so that 
American industry would be entirely indepen- 
dent of processes developed abroad. This seems 
a rather large order, as we have a monopoly 
neither of brains nor effort. Important technical 
contributions and discoveries have come from all 
nations. As to the synthetic rubber, more par- 
ticularly the now well-known Buna N and Buna 
S types, if the Standard Oil Company (New 
Jersey) had not acquired the American rights 
from the German I.G. and these rights had re- 
mained in German control, no American com- 
pany could have undertaken to manufacture 
these products prior to December 1941 without 
incurring the heavy penalties or infringements 
of the 1.G. patents. Apparently, this hue and 
cry, implying impropriety, disloyalty or worse, 
is new in the entire history of international re- 
lations as regards patentable inventions. 


The desirability of acquiring foreign skills and 
inventions as a matter of national policy goes 
back to days long before issuance of letters patent 
became a well defined institution. In 1331 a 
weaver from the low countries emigrated to 
England and was promised the King’s protection 
in return for teaching his art to Englishmen. 
A similar grant of privilege was extended to 
some clock-makers from Delft. During the time 
of Queen Elizabeth, Francis Bacon stated, “If 
any man out of his own wit, industry or en- 
deavor find out anything beneficial for the com- 
monwealth or bring any new invention which 
every subject of this realm may use; yet in regard 
to his pains, travail and charge therein Her 
Majesty is pleased to grant him a privilege to 
use the same only by himself for his deputies for 
a certain time.” This is one kind of monopoly. 
George Washington particularly favored the in- 
troduction of inventions from abroad, stating in 
1790: “I cannot forbear intimating to you the 
expediency of giving effectual encouragement, as 
well to the introduction of new and useful inven- 
tions from abroad, as to the extensions of skill 
and genius in producing them at home.” In none 
of our patent statutes is it suggested that the 
right to acquire letters patent be limited to 
American nationals. We have similar rights in 
other countries under the International Patent 
Convention. Our manufacture of high octane avi- 
ation gasoline was assisted by the research of the 
Anglo-Iranian Company. Our manufacture of 
synthetic rubber has been vastly aided and expe- 
dited by the acquisition by the Standard Oil 
Company (New Jersey) of American patent 
rights and much research information simul- 
taneously acquired long prior to the war from 
the German I.G. Similarly, the manufacture of 
toluene from petroleum whieh is necessary for 
the manufacture of TNT in the large quantities 
required by modern warfare was greatly aided 
by the acquisition of the American rights under 
certain other German I.G. patents which were 
acquired by the Standard Oil Company (New 


Jersey). 


The present attack upon our patent system seems 
to center around the idea of the limited tempo- 
rary monopoly granted by the Constitution as an 
encouragement to invention ; also running through 
all of the various hearings and legislative pro- 
posals is the castigation of the profit motive. If 
those industries, such as the petroleum industry, 
which have a stake in the preservation of these 
rights and encouragement to technical advance 
do not successfully meet the challenge of these 
socialistic and communistic ideas, all technologi- 
cal progress will be retarded, the publication of 
scientific and technical matters will shrivel up to 
a residue of academic theses, research will be 
driven under cover and the companies which will 
suffer most in this Utopian scheme of things will 
be the small companies who cannot afford re- 
search, particularly since any discoveries they do 
make can be taken over with impunity by more 


powerful competitors. 
. 
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RESEARCH Has I 


Figure 2: catalyst feeds into reaction 
chamber from inlet marked “fresh 
clay’’: after reaction, catalyst is fed to 
regenerator by conveyor: rate of cat- 
alyst feed to conveyor is controlled by 
vibrating screen at bottom of reaction 
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Tie movern nistory of the petroleum re- 
fining industry is marked by two outstanding 
technical developments. First was the introduc- 
tion of thermal cracking, and the other was the 
development of catalytic cracking, represented by 
the Houdry process, which was quickly followed 
by other methods of applying the catalytic prin- 
ciple. In one form or another the catalytic prin- 
ciple is being employed throughout the world. 


The popularity of catalytic cracking in compari- 
son with thermal cracking lies not only in its 
greater ability to turn out larger yields of higher 
grade products from the same amounts of raw 
material, but also in its versatility. By employ- 
ing catalysts in his cracking operations the refiner 
may control the course of the reaction, and turn 
it into directions that are hardly (if at all) pos- 
sible in thermal cracking. By choosing his ca- 
talysts and his operating conditions the refiner is 
able to subject his material to desirable processes 
of reforming, hydrogenation, dehydrogenation, 
polymerization, depolymerization, isomerization, 
cyclization, alkylation and so forth. It is not too 
much to say that the science of catalysis has made 
it possible to convert any known type of hydro- 
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carbon into any other known type. This great 
versatility makes of crude petroleum a source 
from which an enormous list of useful substances 
may be derived, some of which have become of 
crucial importance in this time of national 
danger, such as 100-plus octane number gasoline, 
artificial rubber, toluene, alcohol. 


In its mechanical aspects the catalysis of petro- 
leum has taken two forms, which have to do with 
the physical manipulation of the catalyst. In the 
original form, represented by the Houdry proc- 
ess, for example, the catalyst, in the shape of pel- 
lets or granules, is arranged as a fixed layer in a 
container so that a stream of oil vapors may be 
blown through. By contact with the grains of 
catalyst the oil is cracked or otherwise trans- 
formed in desired manner. After a certain lapse 
of time the catalyst loses its activity, so that it 
becomes necessary to interrupt the operation and 
give the catalyst a regenerative treatment, where- 
upon the cracking process may be resumed. In 
this form the process is periodic, or discontinu- 
ous. During the time required to regenerate the 
catalyst the cracking plant is virtually shut down, 
although, by having two or more catalyst cases, 
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Examination of Patent Claims Reveals Numerous Applications of Processes Em- 
ploying Moving Bedies While Fixed Bed Method Continues in Extensive Operation 


and the oil vapors would be in motion through 
the catalyst case; the time of their passage 
through the case would be just long enough for 
the catalyst to exert its maximum cracking effect. 
On issuing from the case the cracked vapors 
would pass to the fractionating equipment and 
the exhausted catalyst would pass to a separate 
vessel, where it would be regenerated and re- 
turned to the process. The cracking operation 
would then become continuous instead of inter- 
mittent as shown in accompanying illustrations. 


Numerous inventors have taken out patents on 
the principle of moving the catalyst through the 
zone where cracking is going on. These patents 
generally begin with a preamble that reviews the 
prior art, and states a variety of reasons why a 
moving catalyst should be preferred over a fixed 
catalyst bed. As a first reason they cite the fact 
that because operations with a fixed catalyst bed 
are intermittent, it is necessary to provide two 
and in some cases three catalyst cases in order to 
have continuous production; this requires a rela- 
tively high investment cost. Where the oil vapors 
are blown through a fixed bed the catalyst must 
be in the form of relatively coarse granules in 
order to allow free passage of the vapors; since 
catalytic activity is a surface action, and as large 


Figure 4: Powered catalyst is mixed with oil 

in mixer to form slurry which flows from 

top of conversion chamber counter current 

to vapor feed; catalyst is subsequently re- 
moved by filter. 


granules have a smaller surface than the same 
weight of small granules, the catalyst case must 
be built correspondingly larger. It is also alleged 
that in a fixed bed channeling is bound to occur, 
so that the amount of active catalyst surface is 
reduced. Again, it is pointed out that the use of 
a fixed mass of catalyst does not admit of easy 
control of the ratio of catalyst to vapor or gases 
other than by varying the velocity of the vapor 
or gas, and even this ratio is said to be only ap- 
proximate on account of channeling. A further 
point is made of the fact that when the activity 
of a fixed catalyst bed has become exhausted it 
has to be regenerated without removing it from 
the case. Now, the optimum temperature for 
cracking is considerably lower than the temper- 
ature that prevails during the regenerating op- 
eration. And as cracking and regeneration fol- 
low in quick succession, elaborate means are re- 
quired for controlling these shifts of temperature ; 
even so, the structural elements of the case are 
exposed to severe strains. It is not denied that 
fixed catalyst beds do a satisfactory job, and the 
foregoing objections to the system amount to a 
complaint that this type of operation requires 
large and well built equipment, which is expen- 
sive. In addition it is pointed out that the prod- 
uct of a fixed catalyst bed is not of uniform qual- 
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ity. When a freshly regenerated case is put back 
on stream the first vapors may contain 50 percent 
or more of gasoline, while at the end of the cycle 
the proportion may drop to 15 or 20 percent. In 
continuous catalysis the supply of fresh catalyst 
is constantly renewed and the cracked product 
is said to have a fairly constant composition. 
Also, in the continuous process the production of 
cracked product per unit of time can be increased 
by increasing the circulation rate of the catalyst. 
This ability to pass large quantities of catalyst 
through the reaction zone opens the possibility 
of employing what may be called cheap, lew 
grade catalyst material, that might be used once 
and thrown away, thus eliminating the bother 
and expense of regenerators. However, it does 
not yet appear that any patentee has definitely 
reached this Ultima Thule of economical opera- 


tion; reliance is still placed in regeneration. 


For their part, the advocates of the fixed catalyst 
bed have not been behind hand with arguments 
in support of their system. It is pointed out that 
the moving catalyst is so subject to attrition and 
mechanical loss that only the cheapest clay ca- 
talyst can be used, and these cheap catalysts can- 
not produce the same quality of product that is 
turned out by synthetic catalysts that are spe- 





Figure 5: the slurry formed by mixture of oil and catalyst is 


picked up by vanor at bottom of mixer and blown into reaction 
chamber. Catalyst is separated, reacted vanors going to frac- 
tionator via heat exchanger. 
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cifically designed tor attaining the best results. 
The inventors of processes for the use of moving 
catalysts have followed two principal lines. Along 
one of tuese lines they use a uenmiely granular 
catalyst material, which may be around 8 mesh 
or 50 mesh. Along another line they use a finely 
powdered catalyst which may be of the order of 
200 mesh or finer. Again, the processes that use 
finely powdered catalysts fall into two categories. 
In one of these the catalyst is mixed directly into 
the stream of liquid oil on its way to the heating 
furnace that is to raise the mixture to the crack- 
ing temperature. In the other the oil is first 
vaporized, and the powdered catalyst is injected 
into the stream of vapor with the aid of a blast 
of some sort of gas. In either case, and whether 
or not the powdered catalyst is injected into 
liquid oil or into oil vapors, the resulting mixture 
is subject to the physical laws of fluid flow, and 
can be pumped through pipes and other vessels 
as though it were a fluid. A catalyst that can be 
thus tveated is sometimes referred to as a “fluid 
catalyst,’’ which is rather a loose way of putting 
it, because no matter how finely they are pow- 
dered the cracking catalysts still retain their na- 
ture as solid materials, 


In examining patent literature it is well to bear 
in mind that the patentee, or his patent lawyer, is 
generally careful to disclose no more than will be 
necessary to establish claim to the principle of 
the invention. Operating details are often pur- 
posely confused, or concealed, with the idea of 
placing difficulties in the way of possible infring- 
ers. While the law requires that the essentials 
of the invention be disclosed, the drawings that 
illustrate the process are often so crude as to be 
practically unusuable without an intimate knowl- 
edge of particulars that the inventor keeps to 
himself. However, the principle must be there. 
The three types of moving catalyst processes 
herein briefly described were patented in the 
United States and European countries a consid- 
erable time before the entry of this country into 
World War II. As stated, these inventions are 
here described to illustrate generally known 
principles only. Many ofthe important details 
are of necessity omitted from this article. 


In the design illustrated in Fig. 1, the granular 
catalyst is fed from a hopper by a screw conveyor 
to a reaction chamber which is furnished with a 
system of interior baffles, each of which directs 
the falling stream of granules to a whirling plate 
that is attached to a motor-driven vertical shaft. 
In falling through the reaction chamber the gran- 
ules are met by a rising current of vaporized oil. 
The catalytically cracked product passes out at 
the top; the granules of catalyst, which will have 
exhausted its cracking ability by the time it 
reaches the bottom of the case, are withdrawn by 
a screw conveyor for regeneration and reuse. In 
the lower part of the chamber provision is made 
for injecting steam for the purpose of freeing the 
catalyst granules from adhering oil. 
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big. 2, represents a scheme tor employing a down- 
flowing granular catalyst in a reaction chamber 
without interior bafHes. Near the bottom of the 
cracking unit is a vibrating screen through which 
the catalyst passes at a rate that can be regulated. 
After passing the screen the catalyst is witadrawn 
by a screw conveyor and transferred to a regen- 
erating chamber. As shown in the drawing, re- 
produced on page 52, the heat of regeneration is 
used to preheat the incoming feed. 


Fig. 3, represents an outfit for employing a down- 
flowing granular catalyst wherein the reaction 
chamber is placed above the regenerating 
chamber, so that the flow of the catalyst is con- 
tinuous through both. Fresh catalyst is intro- 
duced through a hopper at the top of the reaction 
chamber, where it is mixed with regenerated ca- 
talyst that is arriving by way of a screw conveyor. 
The combined charge of fresh and regenerated 
catalyst is admitted into the reaction chamber 
through a rotating star valve. A similar rotating 
star valve passes the catalyst from the bottom of 
the reaction chamber into the regenerating 
chamber, and a third star valve allows the regen- 
erated catalyst to pass into a screw conveyor for 
return to the top of the reaction chamber. The 
three star valves are synchronized to act in unison 
so that the rate of passage of the catalyst can be 
regulated at any desired rate. 


Fig. 4 shows a scheme for using powdered ca- 
talyst by mixing it with a portion of the liquid 
petroleum product which is to be catalyzed. The 
catalyst is fed through a hopper into a mixer, 
where it is stirred up to make a slurry with fresh 
or recycle gas oil. The slurry is pumped to the 
top of the reaction chamber, which is outfitted 
internally somewhat like a baffled fractionating 
column. As the slurry descends through the con- 
version chamber it first meets the rising vapors 
of a recycle gas oil and then a stream of hot re- 
cycle gas. The slurry of reaction products and 
catalyst now passes to a filter, where the spent 
catalyst is removed, and the cracked oil product 
enters a tar separator on its way to the fraction- 
ating system for final treatment. 


Fig. 5 represents a catalytic reforming process 
which employs the principle of making a slurry 
of the catalyst and a part of the liquid feed. 
These two are incorporated together in a mixer. 
The main portion of the feed is preheated and 
the vapors, under a considerable pressure, are 
used to eject the slurry from the bottom of the 
mixer into the upper part of the reaction chamber. 
From near the bottom of the reaction chamber 
the product is blown into a separator, where the 
spent catalyst is removed and the liquid products 
pass on through a heat exchanger to the fraction- 
ating system. As indicated in the drawing, ar- 
rangements are made for passing a portion of the 
unmixed feed through a pipe still which is used 
for recirculating the slurry through the reaction 
chamber. (See diagram on page 53). 





The scheme illustrated in Fig. 6 also employs the 
principle of making a slurry of the catalyst with 
the product to be cracked or reformed. The va- 
porized feed is introduced into a fractionator, 
where the gas oil and naphtha fractions are re. 
moved. The heavier distillate fraction goes to a 
mixer, where it is incorporated with the pow- 
dered catalyst; after preheating to vaporize the 
oil, the mixture is forced through the reaction 
chamber, which consists of an externally heated 
coil. The reaction products, in vapor form, are 
blown into a cyclone separator, where the solid 
catalyst is removed and the vapors enter the jow- 
er part of the fractionating column. The bot- 
toms from the fractionator are heated and soaked 
to remove the last traces of volatile products, 
which are inducted into the cyclone separator. 
The spent catalyst is regenerated. 


The scheme shown in Fig. 7 is based on the so- 
called fluid catalyst principle. The finely pow- 
dered dry catalyst is delivered from a catalyst 
hopper to a line through which gas from the frac- 
tionating column is being blown into the catalyst 
reaction chamber. Within this chamber, the up- 
turned end of this pipe abuts the downturned end 
of a pipe through which the vaporized feed is 
forced into the reaction chamber. The two gase- 
ous streams thus impinge on one another and 
become thoroughly mixed, and together with the 
catalyst, in dust form, pass out of the bottom of 
the reaction chamber into a condenser. Here 
part of the liquid products condense, and the mix- 
ture of vapor liquid and solid passes into a sepa- 
rator. Here the vapors pass directly to the frac- 
tionator, the liquid and solid are separated by 
filtration, and the spent catalyst is steamed and 
regenerated for further use. 


Fig. 8 represents another form of a fluid catalyst 
process in which the petroleum feed and the hy- 
drocarbon reaction products are gaseous through- 
out the operation. The vaporized charge is blown 
into the reaction chamber, which takes the form 
of a long tube. In the fore part of this tube the 
stream of vapor picks up a charge of fresh and 
regenerated powdered catalyst. The two travel 
together to the end of the reaction tube, which 
they reach by the time the catalytic reaction is 
finished. Then the gaseous reaction product and 
the catalyst dust enter a cyclone; the vapors pass 
on to the fractionator and the dust falls through 
a purging chamber, where adhering vapors are 
blown out by a current of steam or gas. The 
spent catalyst then enters a long regenerating 
tube similar to the reaction tube, the two being 
arranged so that they can exchange heat. Here 
the spent catalyst powder comes into contact with 
air admitted through a series of ducts; the car- 
bon on the catalyst particles is burned off and 
the regenerated catalyst is purged of the prod- 
ucts of combustion in another purging chamber, 
to which is attached another cyclone dust sepa- 
rator. The intensity of the heat of regeneration 
is regulated by the admission of flue gas along 
with the air. 
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Right. Figure 7: finely powdered catalyst is 

picked up by gas at bottom of catalyst mixer, 

fed into reaction chamber, thence to condenser 

to be liquefied and fed into separator; from 

separator reacted vapors go to fractionator and 
catalyst goes to filter. 


Below right, Figure 8: charge from furnuce 
feeds through reaction chamber (marked 
“counter current heat exchanger”) having 
picked up finely divided catalyst at entrance to 
chamber; vapors are taken off to fractionator 
while catalyst passes through purging vessel to 
regenerating chamber. Regeneration of catalyst 
and reaction of catalyst and charge occurs in 





same vessel which serves also as a heat ex- 
changer. 


Directly below, Figure 6: slurry of catalyst and 

oil is formed in mixing chamber and fed to re- 

action chamber: reacted vapors pass from cy- 

clone separator to fractionator while catalyst, 

having been removed by centrifugal force in 
cyclone, is fed to regenerator. 
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A modern refinery under construction just befo-e the war; current events have forced this type 

of plant to modify its technique for lower production of motor fuel in favor of greatly in- 

creased yields of war products from refinery gases that formerly found little commercial 
demand. Photo by Robe-t Yarnall Richie. 


REFINERY TECHNOLOGY 
In War =— And After 


By Dr. 0. W. Willeox 





Ir is PERHAPS unnecessary to begin this 
article by remarking that the technology of oil 
refining has been profoundly affected by eco. 
nomic disturbances arising out of war conditions, 
It is also more or less self evident that the tech- 
nological revolution which is being born from 
the present national need will have a lasting 
effect on the industrial and economic structure of 
the refining industry, which is right now striking 
deep roots for a new destiny. 


Before the Hitlerian eruption the American oil 
industry existed primarily to supply gasoline to 
the 28 million or more automobiles and the 6 
million trucks of the United States. At least 52 
percent of all crude oil was being converted to 
motor fuel; some of the remainder went into the 
production of lubricants, and the rest was mar- 
keted as minor though more or less profitable by- 
products—napthas, gas oils and bunker fuel. The 
refineries and natural gasoline plants made what 
use they could of the light products—butane and 
propane—and what they could not use commer- 
cially they burned along with their waste gases. 
The advent of the war disrupted this normal! ad- 
justment of the refining industry to its market. 
One of the most drastic shakeups was the one 
that was forced by the curtailment of motor 
gasoline consumption due to interruption of 
tanker transport to the eastern refineries, and to 
inadequate rail transportation from the southern 
and mid-continent refineries. Added to this rea- 
son for a decrease in motor gasoline consumption 
was a more or less pronounced disposition of mo- 
torists to curtail their driving in order to con- 
serve tires. For these reasons alone, if the re- 
finers maintained their throughput they would 
have had to revise their technology in order to 
produce less gasoline and more of other products. 
Drastic revision of refinery technology also be- 
came necessary for other reasons. Military exi 
gencies created unprecedented new demands. En- 
ormous quantities of aviation gasoline were 
required, and this demand made it necessary to 
create whole new technologiés. The military ma- 
chine also looked to the oil refining industry for 
a huge supply of toluene for explosives, a demand 
which again required a new technology. Then 
the complete extinction of the supply of natural 
rubber that used to come from eastern planta 
tions created an insistent demand for a supply of 
synthetic rubber, and to meet that demand the 
refining industry had to create still another n 
technology to supply the raw material. 


Fortunately, the petroleum industry had alre: 
laid the foundation on which these new tec 
nologies could be quickly established. More t! 
any other industry in the United States, th 
refinery industry had accumulated a vast ba 
log of fundamental research, much of whic 
merely awaited a suitable conjunction of cir 
stances to become of practical use. Througl 
years the properties and natures of hundre: 
the individual hydrocarbons contained in crude 
oil and natural gas had become known in great 
detail, and on the basis of this knowledge the oil 
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laboratorians had developed model processes for 
combining these parent substances among them- 
selves, and with other materials to produce a 
nearly infinite variety of raw materials and fin- 
ished products. The level to which petroleum re- 
search had been raised is well indicated in the 
statement that the petroleum chemist is able to 
convert any known type of hydrocarbon into any 
other known type. These conversions naturally 
required the development of new techniques for 
eficcting them, first in the laboratory and then in 
the pilot plant. Out of these studies there grew 
a creat body of information that has been incor- 
porated in many thousands of patents. 


Through their acquisition of fundamental knowl- 
edge of the mechanisms of hydrocarbon chemis- 
tr), the refinery technologists were prepared to 
undertake any job of hydrocarbon rearrange- 
ment, including the splitting of large molecules 
into small ones, the joining of smaller molecules 
into large ones; to dehydrogenate paraffins to ole- 
fine ; to rehydrogenate olefine to paraffins ; to con- 
vert straight hydrocarbon molecules into branched 
hydrocarbons, or to tie them in rings; and to 
alter operating conditions so as to produce more 
of one kind of petroleum product and less of an- 
other, depending on the state of the market or on 
whatever emergency might arise. 





All these new technologies had to be established 
on very large scales, involving a vast amount of 
new engineering and construction, much of it on 
novel lines with which most refiners had little 
familiarity. And this immense new engineering 
and construction required immense amounts of 
new capital. At last accounts the need for the 
erection of new plants and the enlargement of 
existing ones has called for the: investment of 
$1,000,000,000 of new capital. Just before the 
United States undertook in real earnest to pre- 
pare for war the oil refining industry was oper- 
ating on an invested capital of around a billion 
dollars. Thus, in a little more than one year the 
refining industry has been called on to double its 
plant investment in order to implement the new 
technologies required for oil’s share in the na- 
tional war effort. A large amount of this new 
capital was privately invested by the industry it- 
self, but the major portion has to be provided by 
the government. 


The first objective of the industry’s war - time 
technology was the provision of an adequate sup- 
ply of aviation gasoline, 91 octane number or 
better. Estimates of what constituted an adequate 
supply of aviation gasoline were continually re- 
vised upward, until at last accounts they stood at 
about 250,000 barrels a day, far beyond the in- 


dustry’s capacity in 1941. The immediate effect 
of the new program was to divert all materials 
with high octane values into the stocks of 100 
0. n. aviation gasoline. At first these values could 
be had chiefly at the expense of the octane values 
of motor gasoline, which suffered a decrease of 
its octane rating that might have been drastic if 
rationing and tire conservation had not forced a 
large decrease in the consumption of motor fuel. 
But robbing motor gasoline of its octanes was 
not sufficient. New supplies of octane values had 
to be created. This was at first accomplished by 
enlarging facilities for producing alkylates and 
other high quality blending agents, and by in- 
tensifying the operations of old and new installa- 
tions for isomerizing, polyforming, gas reversion, 
hydroforming, and other means of preparing avia- 
tion gasoline base stocks for blending. Aside from 
these processes the backbone of aviation gasoline 
production was and still is the process of catalytic 
cracking originally represented by a considerable 
number of Houdry installations. 


The effort to enlarge the supply of aviation gas- 
oline base stock brought to the front some new 
technologies in the art of catalytic cracking. 
Among these, the principle of the “moving cat- 
alyst’’ has come into prominence, particularly in 


the form of the ‘““Thermofor” process and more 


A large capacity, light oil furnace on the Pacific Coast: heavy fuel oil, distillate 
fuel oil and refinery gases have replaced motor fuel in demand on war time 
refineries necessitating several changes in refinery balance and the addition of 


new units. 
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Left—Hudson Induced 
Draft Ccoling Tower. | 


Right—Hudson Natural 
Draft Cooling Tower. 





In refineries, distillate 
fields and oil fields 
in Texas, Oklahoma, 
Illinois and Louisi- 
ana, Hudson plants 
or equipment are contributing 
to the tremendous and con- 
stantly increasing flow of 
fuels for war, including high 
purity propane, butanes, pen- 
tanes, and closely fraction- 


ated high octane aviation 
blending stocks. 
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especially in the form of the so-called “fluid cat- 
alyst process.”” To date, around $100,000,000 of 
new capital has been allocated to the construction 
of plants to operate according to the last named 
process; the first of these fluid catalyst plants are 
now coming into operation, and are said to be 
functioning well. 


The campaign to increase the production of avia- 
tion gasoline has not been limited to the creation 
of new facilities for catalytic cracking. The 
whole refining industry, which formerly was 
keyed to the production of 70-85 octane number 
motor gasoline has now been keyed to produce 
primarily the 91-100 o.n. grades. What with the 
decline in consumption of motor gasoline and the 
awarding of government contracts on the basis 
of military requirements, all refiners, if they are 
to operate profitably, must revise their tech- 
nologies accordingly. This situation has brought 
about the necessity for small refiners, who cannot 
provide themselves with self-contained catalytic 
cracking plants, to pool their resources and raw 
materials that can go directly into military prod- 
ucts. Even so, it has not been possible for every 
small refiner to participate in the direct supply of 
war products, and so the refineries are divided 
into two groups: those with and those without 
war contracts. However, the government, with 
laudable intent to save the smaller enterprises, is 
allocating production so that the smaller units 
may continue to supply civilian needs. 


As was said above, a principal function of the 
catalytic cracking plants is to furnish aviation 
gasoline base stock, but the technology of these 
plants has been greatly complicated by requiring 
them to contribute to the hardly less important 
toluene and synthetic rubber programs. The pro- 
gram requires the production of a million tons 
of synthetic rubber a year, and this objective re- 
quires that the rubber manufacturers be supplied 
with a daily charge of 13,000 barrels of buta- 
diene. Although moves are being made to obtain 
some of this butadiene from sources outside the 
petroleum industry, the oil refineries are now the 
only places where it is being produced. Hence 
the present technology of catalytic cracking calls 
for the simultaneous production of aviation gas- 
oline base stock, toluene, and raw material for 
synthetic rubber. How this balance is achieved 
is a technical detail that for the time being is 
shrouded in reticence, but it can be said that it 
involves numerous factors of catalyst quality, with 
definite relations between time, volume, temper- 
ature, pressure, and nature of charging stock. 


The technological problems of catalytic cracking 
have been further complicated by new develop- 
ments in the technique of aerial warfare. Not 
long ago a 100 octane number gasoline was con- 
sidered sufficient for fighter airplanes, but for 
combat in the air 100 octane gasoline is now 
practically obsolete—it does not give enough 
power for speediest maneuvering. The aim now 
is an aviation gasoline having octane numbers 
above 100, which may be up to 125. This high 
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The first of the much discussed fluid catalyst cracking units for the production of aviation gasoline. 

In addition these units were originally designed to produce relatively small quantities of butadiene for 

the rubber program; it has since been found that by slight modifications in oneration that the output 

of butadiene can be increased two and a half to three times without affecting the yield of aviation 
gasoline. 


octane rating cannot be obtained with the blend- 
ing agents heretofore relied on. The necessity of 
providing these new ingredients has demanded a 
new refinery technology for their production, 
either in plants for synthesizing them as a sepa- 
rate operation (as is now being done by Shell), 
or by an appropriate modification of the tech- 
nology of catalytic cracking plants. 


To date, the new catalytic cracking plants from 
which will come a major proportion of the buta- 


diene for manufacturing synthetic rubber have 
not yet come into operation on a scale sufficient 
to meet the situation, and the industry has been 
required to scour every possible source from 
which butane, the parent hydrocarbon of buta- 
diene, can be obtained. This applies especial!y to 
natural gasoline plants, and the recycling plants 
in distillate oil fields. These establishments have 
been required to apply a more exact techno!ogy 
of distillation, absorption and extraction to make 
sure that every molecule of precious butane s all 
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be conserved. This has meant a reduction in the 
amount of natural gasoline produced and a more 
or ‘ess appreciable reduction in the amount of 
butene available for giving the usual octane rating 
to motor gasoline. It has also given a new im- 
portance to propane as an alternative source of 
gasoline vapor, pressure, and also as a charging 
material for various refinery processes that sup- 
ply blending material in the form of alkylates 
and isomates. Instead of being more or less 
ignored propane is being recovered by a fraction- 
ating technique that leaves no more than 0.3 per- 
cent in the waste gas. 


As was said above, at the moment of writing the 
existing sources of butadiene for synthetic rubber 
are far from sufficient and the huge new plants 
now building will not be ready for some time. 
To hasten the supply of butadiene the govern- 
ment has surveyed the approximately 450 oil re- 
fineries of the country to discover how their 
working methods might be readjusted so that 
they may produce more butadiene, preferably 
without new or at most relatively inexpensive 
construction. Catalytic cracking is recognized as 
the best way to produce butadiene, but this hydro- 
carbon also occurs in larger or smaller quantity 
as a by-product of thermal cracking. The ther- 
mal cracking plants are therefore being called on 
to revise their cracking technology to whatever 
extent is found practicable in each case. In view 
of the national necessity the government has 
shown a disposition to pay what the product costs 
in each case, both to obtain what is needed, and 
to keep the smaller enterprises occupied. In this 
effort to bring thermal cracking into a field for 
which it is not especially adapted, new ways of 
conducting old operations are being adopted 
which will make interesting reading when they 
can be made public. Some of these processes 
which otherwise would not be practicable, are 
working on “‘distress” gasoline as a raw material. 


Aviation gasoline and butadiene are two of the 
products that have imposed major changes in oil 
refining technology. Toluene for military pur- 
poses has imposed a third major change. Instead 
of being obtained as an incidental by-product for 
sale to paint manufacturers and other users of 
organic solvents, the production of toluene has 
been started on a large scale by processes especi- 
ally designed for the purpose. The estimates call 
for nitration-grade toluene at the rate of 250,- 
909,000 or 300,000,000 gallons a year; during 
World War I the peak production was not more 
than 12 million gallons. At first there was a dis- 
position to rely on separate installations for to- 
luene production. Thermal plants that are real 
sy:ithetic toluene factories have been built, as for 
instance Humble’s new 30,000,000 gallon to- 
luene plant and a number of others that are near- 
ne completion or are under construction. 
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However, the technology of catalytic cracking 
has made enormous strides since December 7, 
1941. It is now possible, and apparently eco- 
nomically practicable, to adjust the factors of 
catalytic cracking: catalyst quality, time, temper- 
ature, pressure and volume relations—so as to 
produce toluene (and other aromatics), butylene, 
and aviation gasoline base stock in satisfying qual- 
ity and quantity in a continuous operation. Aside 
from considerations of emergency, which require 
that all existing or easily provided facilities be 
employed for obtaining needed products in the 
shortest possible time, a modern catalytic crack- 
ing plant, with perhaps a few minor thermal 
auxiliaries, could meet all or most military and 
civilian demands for refined petroleum products. 


And after the war? When peace comes the oil 
refining industry will find much of its equip- 
ment and capital tied up in technologies more 
related to war needs than to civilian needs of the 
pre-war period. A large part of this abnormal 
investment will have been for government ac- 
count and will. be liquidated with the general 
tax burden which this and future generations 
must bear. What will the industry do with its 
great plant for producing aviation gasoline of 
100-plus octane number, when the tens of thou- 
sands of war planes are finally grounded, when 
millions of high explosive shells are not being 
fired daily, and when (or if) the ships again come 
laden with natural rubber from the Far East? 


It is practically certain that when peace comes 
the nation’s automobiles will again crowd the 
roads, perhaps in greater numbers than ever, and 
these automobiles will require as much if not 
more motor gasoline than they did before the 
war. In that case the refining industry will re- 
sume its normal function of turning most of i‘s 
crude oil into gasoline for the filling stations. 
But the quality of post-war gasoline will be dif- 
ferent ; the industry has now learned how to make 
better gasoline, and the designers and manufac- 
turers of automobile engines are even now pre- 
paring to build engines to run on this better gas- 
oline. Perhaps 100 octane number gasoline will 
become as standard for everyday use as yester- 
day’s “premium gas” of 75-80 0.n. But this gas- 
oline will be produced only in the refineries that 
can make it economically, and these refineries will 
be those with catalytic cracking plants. Such 
plants will net be “war babies,” but all others, 
including the numerous existing thermal crack- 
ing plants which cannot easily make 100 o.n. gas- 
oline, are very likely to be war casualties unless 
their owners do something about it, with or with- 
out the help of the government. 


One of the most obvious (at this time) chances 
of survival open to owners of thermal cracking 
plants is a continuation of the system developed 


for them by the OPC. This is the system where- 
by small refiners who cannot afford expensive 
catalytic cracking plants of their own may club 
together and build central 3-way catalytic plants 
to which they may send their naphthas, gas oils 
or residuums for catalytic conversion into high 
octane values for blending with their gasolines. 


A further problem that will hang over into the 
new era of peace will be the fate of the huge in- 
stallations that have been committed to the pro- 
duction of synthetic rubber. Whether peace will 
put an end to these enterprises will depend on 
two contingencies, one technological and one po- 
litical. If, (as various half-disclosed facts seem 
to indicate) the production costs of butadiene are 
markedly lowered and rubber manufacturers suc- 
ceed in producing a synthetic rubber that is mark- 
edly superior to natural rubber, the owners of 
Far Eastern rubber plantations (whoever they 
may then be) may find great difficulty in recov- 
ering their market. If the new synthetic rubber 
industry should not perfect its technology to the 
point where it can defy foreign competition, the 
old-fashioned American doctrine of tariff protec- 
tion for American industry might be successfully 
invoked, particularly if the corn and wheat farm- 
ers obtain (as now appears likely) a share in the 
business of supplying butadiene. 


In conclusion it is worth noting that the petro- 
leum industry, by having large new demands 
thrust upon it, has learned (or experienced) a 
good deal besides new technologies. One of these 
is that coordination and cooperation can be of 
vast assistance in attaining the common objective 
of serving themselves and their country, particu- 
larly in the way of avoiding cross purposes and 
lost motion, and in the pooling of resources. Un- 
der the guidance of the government and particu- 
larly the OPC (which is largely manned by 
members of the petroleum industry itself), the 
work of producing what the country needs has 
been divided up and allocated so that each ele- 
ment of the industry has been assigned the part 
for which it is most capable, and this is being 
done with the intention that the small refiners 
shall continue to have a share in the business, 
even if this is no more than contributing to or- 
dinary civilian needs. The authorities have acted 
(at least as far as they have been able) to pre- 
serve the smaller enterprises and to assure in 
some measure that the industry will obtain prices 
that will compensate it. In a word, the industry 
has been learning something about how to act as 
a unit, both technically and commercially, and 
the government has sensed the public benefit of 
allowing or requiring it to do so. This expe- 
rience may prove of great help in the new world 
that will be rebuilt on lines that are sure to de- 
part greatly from old notions of economics and 


commercial and personal individualism. 
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Basic ingredient of Ameripol, 
the synthetic rubber developed 
by the B.F, Goodrich company 
in a 15-year research program, 
is butadiene, a liquefied gas ob- 
tained by cracking petroleum. 
Here, butadiene is stored at a 
plant in cylinders under 20 to 
40 pounds pressure. All mate- 
rials used in Ameripol are found 
in America. 





















CONSERVATION SYNTHESIS AND RECLAMATION 


COMBINE TO SOLVE 


STATES RUBBER 


By E. W. Mayo Jr. 


SHORTAGE 


_ Conservation of Existing Tires Plus Use of Scrap Rubber Will Maintain Essential 


Civilian Mobility Through 1944—MilitaryRequirements Can Be Met From Stocks 


Supplemented by Growing Synthetic Capacity—By 1945 Position Will Be Stabilized. 
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pute about gasoline should be all but academic. ee eros 


Driving must be curtailed on the basis of the , id 
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present rubber outlook. Therefore, national gas- ¥! He " 
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oline rationing on a sensible basis must be given 
serious consideration,” said the Special Commit- 
tee investigating National Defense Program in . 
May of this year. All available evidence indi- 
cates that nationwide gasoline rationing to con- 
serve rubber is inevitable if a serious situation 
in wi: work is to be avoided; and this condition 
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With rubber reclaiming plants receiving scrap rubber at a rat 

of only 50 percent of their capacity prior to the President's can 

paign, John L. Collyer, president of the B, F. Goodrich company 

urged a “rubber round-up” in every community in the country t 

boost receipts to the 400,000 tons of scrap needed. This collec 

tion shows just a few of the rubber items found in cleaning on 
the closets in the average American home. 


. 


Here is Ameripol, the Goodrich “Liberty Rubber” canable of re 


placing natural rubber, in the thin sheets required for most stand 
ard rubber manufacturing operations. The corrugated surface i 
imparted by the mill roll, At this stage it is flesh-colored, but whe 
given a final drying becomes clear amber like natural crepe rubbei 


As the campaign to collect scrap rubber draws to a close it i 
estimated that 400,000 tons have been collected: some system o 
continuing incentive is needed to assure the return of emergen 


scrap, 


will prevail regardless of the degree of success 
achieved by the recently concluded scrap rubber 
llection drive, or any subsequent program for 
collection of scrap rubber. With civilian driv- 
restricted to essential needs and in view of 
United Nations rubber stock pile, the de- 
pment of the synthetic rubber industry and 
ulation of South American natural rubber 
juction, there will be ample rubber for mili- 

- requirements and war industry. For a bet- 
understanding of the present situation and the 
ection in which it is likely to develop in the 
immediate future, it will be of interest to review 
the overall situation in regard to natural and 











synthetic rubber production, reclamation of rub- 


ber scrap, and stocks of crude and manufactured 
rubber, 


As is well known, the major part of the world’s 
supply of natural rubber, although it originated 
in Brazil, for many years past has come from the 
Far East. In the latter part of the last century 
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A generalized chart indicating very roughly the yield of synthetic rubber from a given quantity of 
crude oil: the yields shown vary widely depending on the type of crude charged and the process 





As a consequence of these low prices, British and 
Dutch interests adopted the so-called Stevenson 
Plan in 1922 whereby licenses were required for 
the export of rubber and machinery was estab- 
lished for controlling exports to sustain world 
prices. This plan continued in effect from 1922 
to 1928 substantially strengthening prices, at 
least in the earlier stages. In 1928 the Stevenson 
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an English scientist succeeded in smuggling a 
few seeds out of Brazil and experimental plant- 
ings were established in British Malaya. From 
these modest beginnings developed the great rub- 
ber plantations of the Far East where high yield 
cultivated trees tended by cheap native labor pro- 
duced 96.95 percent of the world’s exportable 
rubber. Of the Far Eastern rubber producing 
areas those in British Malaya, Burma, North 
Borneo, Sarawak, Netherlands India, Siam and 
French Indo China, representing 90.44 percent 
of the world’s exportable crop are in the hands 
of the Japanese. Ceylon, producing 5.58 percent, 
India producing 0.93 percent and the production 
of Africa, Central and South America account- 
ing for the remaining 3.05 percent represent 
sources that are still available to the United Na- 
tions. There are, of course, extensive plans to 
increase the production of these areas controlled 
by the United Nations, which in 1940 produced 
some 133,059 long tons compared with the 1,- 
258,775 long tons produced in the areas now con- 
trolled by the Japanese. These plans are reviewed 
in detail on the following pages. 


In 1922 world production amounted to approxi- 
mately 400,000 tons and the lowest New York 
spot price was 11% cents per pound in compari- 
son with prices ranging from 50 cents to $1.00 


per pound in the years immediately preceding. 
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Plan was discarded and by 1932 spot rubber 
prices in New York had reached an all-time low 
of 25% cents per pound; the highest price quoted 
on the New York spot rubber market that year 
was 434 cents per pound. British and Dutch rub- 
ber interests organized the International Rubber 
Regulation Committee in 1934 for the purpose 
of stabilizing world prices at more profitable 
levels. This Committee, which has continued to 
function until the present time, regulated plant- 
ing and controlled the amount of rubber that 
could be produced for export; in this way prices 
could be maintained at profitable levels while 
the committee could take appropriate steps to 
prevent the commercial development of a se- 
riously competitive rubber industry in any other 
part of the world. The activities of the Inter- 
national Rubber Regulation Committee are im- 
portant because, in a sense, it prevented the build- 
ing up of stocks in the United States that might 
have been considered excessive in 1939 but which 
would scarcely be adequate under existing cir- 
cumstances. Indirectly the Committee’s activities 
prevented the development of a vigorous syn- 
thetic rubber industry on a purely commercial 
basis; such work as was done in this direction 
being paid for out of the research funds of oil 
and rubber companies. For development of an 
actual commercial industry, these companies had 
to rely on government subsidies which were de- 


layed in the United States until after the 
break of the European war. 


out- 


As far back as 1932 the Army and Nay Mu. 
nitions Board declared rubber a strategic materia] 
and more recently urged the development of 3 
synthetic industry, building up of domestically 
held stocks and conservation in the use « rub. 
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ber that was already in hand. However, in 1938 
the International Rubber Regulation Committee 
restricted the production to 45 percent of ca- 
pacity, raising this to 60 percent in 1939 and 83 
percent of capacity in 1940; by November, 1940 
the Committee increased the quota to 100 per- 
cent of capacity but this did not become effective 


yntil 1941. During these years the Committee 


In appearance Goodrich’s finished 
Ameripol tire, first automobile casing 
to be made entirely from American 
materials, is identical with 
the everyday product. Side- 
walls and tread are of Ameri- 
pol, while all other materials 
such as cotton cord fabric, 
bead wire, and carbon black 
are just like those used in 
natural rubber tires. 
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had restricted exports to 55 percent of the 1,335,- 
250 ton 1938 crop; the following year export 
quotas were increased to 5834 percent of the 1,- 
519,000 crop and in 1940 to 8334 percent of the 
1,541,550 ton crop. The Rubber Reserve Cor- 
poration, a subsidiary of the RFC under the di- 
rection of Jesse Jones, began to build up the 
United States rubber inventory in June, 1940 
and at that time urged the Rubber Regulation 
Committee to increase quotas all along the line 
to permit much larger exports to the United 
States. For 1941 the Committee increased the 
export quota to 105 percent of the 1,554,700 ton 
crop and increased plantings to produce an an- 
ticipated output of 1,563,000 tons in 1942. The 
Rubber Reserve Corporation had contracted to 
purchase all rubber available for export except 
those quantities purchased by private U. S. rub- 
ber companies. 


Although the Rubber Reserve Corporation had 
begun to accumulate an inventory in June, 1940, 
there were no restrictions on the consumption of 
rubber in the United States and the shipping sit- 
uation was becoming constantly more difficult. 
By the end of 1940, after six months of opera- 
tions, Rubber Reserve had acquired 40,143 tons 
and the U. S. manufacturers had on hand 143,- 
569 tons. In June, 1941 the first restrictions on 
consumption were imposed and the Rubber Re- 
serve became the sole purchaser of imported rub- 
ber. U. S. consumption of rubber which had 
amounted to only 563,710 tons in 1939 had 
reached the unprecedented rate of 900,000 tons 
per year during the first half of 1941 before the 
restrictions were imposed. Actually during the 
whole of 1941 a total of 766,000 tons of rubber 
were consumed in the United States. Then, on 
December 10, 1941, three days after the attack 
on Pearl Harbor, the sale of tires to the public 
was stopped and in February, 1942 restrictions 
on the sale of all rubber goods were made fully 
effective. By March of 1942 the Rubber Reserve 
had acquired 342,101 tons which added to the 
stocks frozen in manufacturer’s hands gave the 
United States a reserve of approximately 700,- 
000 tons. 


The normal world situation may be summarized 
as follows: U. S. peacetime requirements are 
about 600,000 tons per year of which 72.4 per- 
cent goes into tires, 7.7 percent into mechanical 
uses, 5.9 percent into footwear and 3.2 percent 
into wire and cable; the balance being used for 
miscellaneous purposes. Great Britain, the British 
Dominions and India consume approximately 
190,000 tons per year. Russia depends primarily 
on her domestic synthetic industry but under war- 
time conditions must import limited quantities 
from the United States under provisions of the 
lend-lease arrangement. It has been estimated 
that the German army, supplied from the Ger- 
man synthetic industry, requires approximately 
200,000 tons per year; American military re- 
quirements have been figured at 271,000 tons in 
1942 and 393,000 tons in 1943. Leon Hender- 


son, testifying before the Truman Committee 


presented figures to show that the United Na- 
tions started the year 1942 with 706,000 tons of 
rubber to which will be added 453,000 tons of 
crude and 28,000 tons of synthetic production 
in the United States plus 54,000 tons of syn- 
thetic production in the Soviet Union yielding a 
total supply of 1,241,000 tons. Against this sup- 
ply is placed military demand of 271,000 tons, 
lend-lease exports of 82,000 tons, minimum civil- 
ian requirements of 150,000 tons and minimum 
consumption in other United Nations of 310,000 
tons, all requirements totalling 813,000 tons leav- 
ing a carry-over of 428,000 tons in 1943. Mr. 
Henderson figured that the new supply of crude 
rubber in 1943 would amount to 61,000 tons but 
that synthetic production in the United States 
would by then be 300,000 tons and in Russia 
synthetic production would have reached 71,000 
tons, or a total United Nations supply in 1943 
of 861,000 tons. Against this would be placed 
military requirements of 393,000 tons, lend-lease 
and other United Nations requirements of 353,- 
000 tons and minimum civilian consumption in 
the United States amounting to 120,000 tons. 
Total demand would be 866,000 tons for 1943 
against total supplies of 861,000 tons, or a deficit 
of 5,000 tons. 


Several investigations of the remaining sources of 
natural rubber supply available to the United 
Nations have been made and reveal approxi- 
mately the following picture: 8,000 tons of Mexi- 
can guayule, up to 20,000 tons of wild rubber 
from Céntral and South America, up to 20,000 
tons of cultivated and wild rubber from Africa 
and 77,664 tons of cultivated rubber from Ceylon 
are available for export. Guayule, when culti- 
vated requires one year of development in the 
nursery and then from four to seven years in the 
field. Hence it would have little bearing on the 
supply situation during the war and can be writ- 
ten off except for the guayule now gathered in 
Mexico and processed in four existing plants 
in that country. Normally about 4,000 tons of 
guayule are imported into the United States from 
Mexico and there is reason to believe that this 
figure could be increased to 8,000 tons. While 
guayule is inferior to the natural hevea rubber, 
it can, no doubt, find a minor place in the indus- 
trial picture releasing other supplies for more 
exacting service. Brazil, the home of the rubber 
industry during the last century, has signed an 
agreement with the Rubber Reserve Corporation 
whereby the latter will purchase Brazil’s entire 
exportable surplus at 39 cents per pound, f.o.b. 
Belem and will pay bonuses for quantities in ex- 
cess of 5,000 tons. Rubber Reserve is also spend- 
ing $5,000,000 in Brazil to stimulate the produc- 
tion of rubber on a relatively short term basis. 
A similar agreement was signed on July 2 with 
Colombia where Rubber Reserve will spend 
$1,000,000 in developing production. President- 
elect Lopez, in the United States on a visit prior 
to his inauguration on August 7, expressed the 
opinion that a much larger supply of rubber 
would be found in Colombia than earlier super- 
ficial surveys had indicated. Similar agreements 
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are being negotiated with Peru, Bolivia, Ecuador, 
Venezuela, Mexico, Nicaragua and Guatemala. 
While Central and South America exported 
17,500 tons of rubber in 1941 it is not antici- 
pated that this source can greatly increase its 
shipments since domestic requirements in South 
America are bound to increase rapidly with the 
It has 
been estimated that exports might reach 20,000 
tons next year but probably will not go much 
above this for several years. The plantations that 
have been established in Brazil are still in the 
nursery stage, the Ford plantation being the most 
advanced. It expects to ship, perhaps 1,000 tons 
during 1942 and will not be in substantial pro- 
duction until 1950. In Africa, the Firestone 
plantation is now producing and some rubber is 
available from wild trees; altogether some 20,000 
tons may be exported from Africa in 1943. Cey- 
lon production has already been mentioned. 


drying up of former sources of supply. 


Actually the natural crude rubber outlook for the 
next few years is not encouraging. There may be 
available some 133,000 tons for the United Na- 
tions but this rubber will be rigidly restricted to 
military use as will the United Nations’ stock 
pile amounting to 706,000 tons. There remain 
two other major sources of supply that may 
eventually be available for civilian consumption, 
at least in the essential use category: reclaimed 
rubber and synthetic rubber. In addition there 
is an inventory represented by manufactured rub- 
ber now in use, primarily tires on passenger cars 
and trucks. In an article in the July issue of 
Wor._p PeTrRoLeuM reference was made to 126 
million passenger automobile tires in the United 
States. Broken according to age and 
approximate condition of these tires as far as it 
could be determined statistically, it was estimated 
that these tires had a potential of 318,720 million 
vehicle-miles. By gasoline rationing on a nation- 


down 


wide basis it would be possible to eliminate 2,- 
000,000 of these cars from the road and by ar- 
rangements through appropriate government 
agencies, the tires on these cars could be dis- 
Another 5,000,000 
cars could be reduced in mileage from the normal 


tributed to essential users. 


9,000 miles per year to 2,000 miles per year and 
the remaining 20,000,000 cars, which it has been 
estimated are essential to maintain required in- 
dustrial and agricultural mobility, could be re- 
duced in mileage by 30 percent. Altogether the 
essential vehicle-miles under these restrictions 
could be brought down to 145,000 million which 
would extend the operating life of the essential 
20 million cars to the middle of March, 1944. 
Mobility could be maintained for some time af- 
ter this by the injection of reclaimed rubber into 
the total tire mileage potential; and eventually 
the synthetic rubber program would reach a point 
where it could, at least, meet military and essen- 
tial civilian needs. 


Opinions as to the amount of rubber that can be 
collected differ widely; at the time of writing the 
first scrap rubber collection campaign is still in 
progress and no figures as to final results are 
available. However, it is possible to form some 


idea of the amount of scrap rubber in existence, 
although how much of it can be gathered in and 
reprocessed depends on a number of indefinite 
factors. In an able analysis of the scrap situation 
Dr. Joseph E. Pogue of the Chase National Bank 
points out that over the past ten years the United 
States has consumed 4,794,000 tons of crude 
rubber and of this total 1,289,000 tons has al- 
ready been reclaimed. This eliminates at once 
all the fantastic estimates of 10,000,000 tons of 
reclaimable scrap that have found their way into 
print. It appears, therefore, that over the past 
ten years some 3,500,000 tons of rubber are un- 
accounted for; obviously some of this has been 
used up on the roads ot the nation; some has been 
destroyed ; and some has been so widely dispersed 
that it would be impractical to retrieve it. At 
the outside probably not more than 1,000,000 
tons could be gathered in, but if everything ob- 
tainable were brought in there is no indication 
that anything like this quantity will be collected 
in the first drive. Dr. Pogue suggests that more 
scrap collections will be necessary to secure what 
he refers to as the “historic scrap’’ and that some 
form of continuing incentive will be necessary 
to insure a constant return flow of “emergent” 
scrap; that is the scrap that is constantly being 
generated as tires wear out. To obtain any quan- 
tity of historic scrap some guarantee that the 
price will remain stable might be helpful; in the 
case of emergent scrap some system of certificates 
will no doubt be worked out enabling a motorist 
to obtain the right to purchase a recapped tire 
in place of scrap tires that he turns in. 


In the first scrap rubber collection drive, Leon 
Henderson has estimated that about 300,000 tons 
of reclaimable rubber will be secured; the War 
Production Board believed that as much as 700,- 
000 tons might be collected. Since the total re- 
claimable rubber in existence in the United States 
is not over 1,000,000 tons and in view of the 
foregoing estimates it may be assumed for con- 
venience in calculating that perhaps 400,000 tons 
will be collected. At least 15 percent of this is 
lost in processing leaving 340,000 tons of usable 
reclaimed rubber. Between 5 and 6% pounds 
of reclaimed rubber are used in recapping a single 
tire; hence it would be possible to recap 120 to 
150 million tires. These recapped tires cannot 
render the service that is expected from a new 
tire, recaps being good for 5,000 to 8,000 miles 
against the 20,000 to 30,000 miles expected of 
new tires. Hence the 120-150 million recapped 
tires that can be made from 400,000 tons of 
scrap rubber are equivalent to 30 to 40 million 
new tires. Normal annual consumption of new 
tires in the United States is just under 40 mil- 
lion so scrap rubber may prove the solution of 
the rubber problem for at least an additional year. 
Of course, many of the recapped tires emanating 
from this source would be required for the rap- 
idly expanding military establishment; and not 
all of the remaining scrap rubber would be avail- 
able for automobile tires. It was estimated in 
the article referred to above that present tires on 
the passenger cars in the United States under 
restrictions imposed by nation-wide gasoline ra- 





tioning would be adequaie to maintain essential] 
mobility to the middle of March 1944; the re. 
capped tires as estimated above, taking into cop. 
sideration the fact that not all of the 450,009 
tons of scrap would be available for tires, might 
extend the potential mobility of passenger cars 
to the end of 1944. In fact, the Advisory Sub. 
committee on Rubber Conservation of the PIWC 
has estimated that careful conservation o! exist. 
ing tires supplemented by the recapping program 
could keep 22 million passenger cars in operation 
until the end of 1944. By that time the syrthetic 
rubber production program should have deyel- 
oped to a point where it could take up any slack, 


Research into the molecular structure of rubber 
and attempts to synthesize material having simi- 
lar properties was confined to the laboratory until 
the first world war. At that time Germany 
found it necessary to attempt large scale commer- 
cial production of synthetic rubber. Their indus 
try at that time was based on dimethyl butadiene 
derived from acetone and was both expensive and 
unsatisfactory as to quality; production of up- 
ward of 300 tons per month was achieved be- 
fore the end of the war. Thereafter commercial 
production of synthetic rubber was abandoned 
until the operation of the Stevenson Plan applied 
to exports of natural rubber advanced prices to 
a point where it was considered expedient in Ger- 
many to revive experimentation with a view to 
commercial production. This led to the manv- 
facture of the necessary raw material—butadiene 
—from limestone and coal via the calcium car- 
bide and acetylene route. While this process 
proved expensive and laborious it depended on 
two materials with which Germany was well 
equipped and is the fundamental system on which 
the Germans still rely. At the outbreak of the 
war in 1939, Germany had one synthetic plant 
completed at Schkopkau for the production of 
25,000 tons per year and another plant almost 
completed for the same capacity at Huels. Since 
then production has undoubtedly been increased 
to 100,000 tons or more per year. In the Soviet 
Union experimentation had been carried on lead 
ing to the production of butadiene from catalytk | 
cally treated alcohol vapors which proved to be 
a simpler and more direct system than the one 
employed in Germany. Russia was said to have 
developed synthetic rubber capacity of about 50; 
000 tons per year at the outbreak of the war but 
the present position is obscure since the necessaty 
alcohol was derived from sugar beets raised if 
the Ukraine, an area now in the hands of the” 
Germans. In the United States, research was dé 
rected to developing an artificial rubber with spe 
cial properties that would improve its performr 
ance characteristics over those of natural rubber 
for certain specialized applications. A number of 
such specialties were actually developed which 
were able to compete with natural rubber despite 
the higher cost of manufacture. 


Recent events have entirely changed the ou‘!ook 
for synthetic rubber in the United States anc the 
present aim is to secure large scale production of 
a rubber substitute that will replace natural rub 
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Modern petroleum research requires laboratory equipment that is complicated and 

expensive; but such research has placed the U. S. petroleum industry in a position 

to supply the huge quantities of 100 octane aviation gasoline, toluene and butadiene 
required for the war effort. 
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ber in all respects—and in the shortest possible 


time. At present attention is concentrated pri- 
marily on three types of artificial rubber: Buna 


5. Buna N 


limited extent on Neoprene. At present writing 


(Perbunan) Butyl and to a more 


Buna §S is the main reliance for an artificial rub- 
ber that most nearly meets the requirements for 
It lacks a little of the stretch and bounce 
of natural rubber, but on the whole it has enough 
It is 
One 


of these is butadiene, a gaseous hydrocarbon that 


tires. 


of both to leave not much to be desired. 
compounded of two principal ingredients. 


(given the necessary factory equipment) can be 
obtained in unlimited quantities from natural gas 
and other hydrocarbon products that are pro- 
duced in all the 450 oil refineries of the United 
States. The other ingredient of Buna § is a hy- 
drocarbon named styrene, which itself is .com- 
pounded of two other hydrocarbons, ethylene and 
benzene. Both of these are produced in many oil 
refinery processes, though the coal tar industry 
is in a position to supply a considerable quantity 
of benzene. Given a supply of butadiene and 
styrene, the work of combining them to make 
Buna S is a matter of standardized rubber fac- 
tory routine. 

The second artificial rubber on the program is 
Perbunan, which is called for in much less quan- 
tity than Buna S. This variety of artificial rub- 
ber is distinguished for its ability to stand up un- 
der circumstances where natural rubber or Buna 
S would soon fail. This is especially the case in 
and around greasy machinery. It also has ex- 
cellent aging properties and fatigue resistance; it 
has high tensile strength, fatigue resistance, and 
will resist abrasion when compounded with car- 


bon black. 


again the same butadiene that is used for Buna 


The raw materials of Perbunan are 


S, but instead of compounding butadiene with 
styrene the Perbunan manufacturer compounds 
it with acrylonitrile which itself is compounded 
of ethylene (an abundant hydrocarbon) and hy- 
drogen cyanide (better known as prussic acid) 
The 
compounding of butadiene and acrylonitrile is 
done in the rubber factory. The third item on 


which is produced in chemical factories. 


the program, Butyl rubber, is also of minor im- 
This 


product does not quite equal Buna S for tire pur- 


portance from the quantity standpoint. 


poses, but it excels natural rubber for many pur- 
poses on account of its excellent electrical prop- 
erties, resistance to oxygen, ozone and aging, to 
air and to strong acids and oxidizing chemicals. 
The manufacture of Butyl rubber requircs the 
same butadiene as Buna S and Perbunan, which 
for making Butyl rubber is compounded with iso- 
butylene, another hydrocarbon that is obtainable 
in large amounts from oil refinery products and 
natural gas. It is perhaps the easiest of the ar- 
tificial rubbers to manufacture. 


The fourth principal artificial rubber is Neo- 
prene, a specialty product the principal ingredient 
of which is acetylene, a hydrocarbon that can 
be produced from oil refinery products, but is 
now principally made by chemical concerns. This 
acetylene is combined with hydrochloric acid to 
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Shell Chemical Company’s fractionating col- 
umns used in the manufacture of alcohol from 
petroleum gases; this alcohol can eventually be 
used in the manufacture of synthetic rubber. 





form a substance known as chloroprene: when 
chloroprene is emulsified and polymerized the re- 
sult is Neoprene. This variety of artificial rub- 
ber has considerable resemblance to Perbunan, 
and has found extensive use in making hose for 
handling oils and gasoline. Developments leading 
up to the present program for war production of 
synthetic rubber in the United States started in 
1925 when Dr. Waldo L. Semon initiated a re- 
search project in the B. F. Goodrich laboratories 
on this problem. By 1938 the work had prog- 
ressed to a point where the company was prepared 
to erect a pilot plant for further experimentation. 
In 1940, a small commercial plant was built for 
a capacity of 2,000 tons per year of a butadiene 
copolymer synthetic rubber. Blended with 50 
percent natural rubber this synthetic was made 
into tires under the trade name of Ameripol and 
offered for sale at a price some 30 percent above 
that commanded by natural rubber tires at that 
time. The premium price was based on better 
wearing qualities and the commercial acceptance 
of these tires made it possible for the Hycar Chem- 
ical Company (B. F. Goodrich and Phillips Pe- 
troleum Company) to test tires made with only 
one ounce of natural rubber. These tires are said 
to have given satisfactory service comparable 
with that expected of natural rubber tires. 


Paralleling the Goodrich development, Standard 
Oil of New Jersey had interested itself in the 
problem of synthetic rubber having acquired from 
1. G. Farbenindustrie, leading German chemical 
company, an interest in the hydrogenation proc- 
ess. Jersey had secured an 80 percent interest and 
full control of this process outside Germany and 
of all other refining processes that I. G. Farben 
might develop before 1947 in return for a pay- 
ment of $30 million and an option on the control 
of any purely chemical inventions that Standard 
might develop during that period. Any processes 
that might be developed by either party to the 
contract for préduction of chemical products 
from petroleum would be controlled by the in- 
ventor with a 3 interest for the other party. 
From the patents secured in this transaction 
Standard developed processes for the production 
of 100 octane aviation fuel, toluene and buta- 
diene; the fluid catalyst process also developed 
from these patents. Rights under the basic pat- 
ents were made available to a group of 18 Amer- 
ican oil and chemical companies in a cross licens- 
ing agreement in 1930; in 1931 a half interest in 
the hydrogenation process was sold to Royal 
Dutch Shell for exploitation in countries other 
than the United States and Germany; in 1938 
Standard, through its subsidiaries, entered into 
a contract with the French Government to pro- 
duce high octane fuel by hydroforming which 
was a development growing out of the hydro- 
genation patents acquired from I. G. Farben. In 
1937 Jersey Standard working with M. W. 
Kellogg, Indiana Standard, The Texas Company, 
Universal Oil Products, Royal Dutch Shell and 
Anglo-Iranian developed the fluid catalyst proc- 
ess from the hydrogenation process; fluid catalyst 
was destined to play an important part in the 


early stages of the subsequent synthetic rubber 
program for the United States. 


It had been found while Standard and |. G, 
Farben were conducting research on Buna that 
the original product was unsatisfactory due to 
the difficulty experienced by rubber companies 
supplied with samples in milling the product; 
and because of the uneconomically high cos: in 
comparison with natural rubber of which there 
was, of course, an ample supply. Neverthe!ess 
Buna, particularly Buna-S gave promise for the 
future and on the outbreak of the European war 
Standard acquired complete ownership of the 
Buna process for the United States, the British 
Empire and France by yielding to I. G. Farben 
the rights for this process in the rest of the world. 
By January 1940 Standard had completed plans 
for a small Buna plant having a capacity of 1,000 
tons per year to be erected at a cost of $671,000 
to be furnished from the company’s research 


funds. 


As the world crisis became graver the Army and 
Navy Munitions Board interested itself in the 
development of synthetic means of producing rub- 
ber which several years before they had declared 
a strategic material. After a number of plans had 
been drawn up for the organization of an indus- 
try to produce 100,000 tons more or less (the 
Munitions Board had specified 15 percent of nor- 
mal requirements—105,000 tons) the Recon- 
struction Finance Corporation evolved a plan for 
the production of 40,000 tons of synthetic rub- 
ber. Jersey Standard was authorized to proceed 
with the construction of a plant to produce one- 
third of the required butadiene. RFC’s original 
plan had called for the production of 2,500 tons 
per year of synthetic rubber by each of the fol- 
lowing four companies: Firestone, U. S. Rubber, 
Goodyear and Goodrich. The planned output of 
these plants was later raised to 10,000 tons each 
and subsequently to 15,000 tons each. Three of 
these plants are expected to be in production be- 
fore the end of this summer; the fourth will be 
completed by the end of the year. Final RFC 
plans call for 700,000 tons of Buna rubber ca- 
pacity to be built by Firestone, U. S. Rubber. 
Goodyear and Goodrich; 40,000 tons Neoprene 
capacity to be built by duPont and 60,000 tons 
of butyl capacity to be built by Standard of 
Louisiana and Humble. Further studies are be- 
ing carired on looking to the construction of an 
additional 200,000 tons of synthetic rubber. 
These plans embrace only the polymerization of 
butadiene to rubber; the source of the butadiene 
has not been finally planned in all cases. 


There are three broad divisions of the processes 
by which butadiene can be produced from petro- 
leum and at least one by which it can be pro- 
duced undoubtedly 
in the development stage and may enter the 
picture in the near future. Butadiene may be 
produced from petroleum by the fluid catal\st 
process, the movable bed catalyst process, or by 
conversion of thermal cracking plants already in 
existence throughout the United States. The 


from alcohol. Others are 
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existing program calls for plants to produce 
butadiene for 400,000 tons of the 700,000 ton 
rubber program by the fluid catalyst process. An 
additional 200,000 tons of the program is to be 
produced from alcohol. The remaining 100,000 
tons has not yet been finally allocated between 
movable bed catalyst and revamping existing 
thermal cracking units. In fact, the entire pro- 
gram is again under review and plans may be 
radically changed in regard to the means of pro- 
ducing butadiene from petroleum. 


The fluid catalyst process has the considerable 
advantage of producing 100 octane aviation gas- 
oline and toluene as well as butadiene. As orig- 
inally set up the demand for these war products 
had to be balanced between production of large 
quantities of 100 octane and relatively small 
quantities of butadiene ; or an increased output of 
butadiene at the sacrifice of some 100 octane pro- 
duction. However, on May 21, 1942, W. S. 
Farish, president of Standard of New Jersey, an- 
nounced that fluid catalyst plants could be op- 
erated with a slight modification in technique to 
yield an improved quality of 100 octane plus as 
much as three times the quantity of butadiene 
originally anticipated. The improvement in qual- 
ity of the 100 octane had the following effect: 
specifications for this fuel produced by the orig- 
inal fluid catalyst process called for performance 
under rich mixture conditions equivalent to iso- 
octane plus 1 cc. tetraethyl lead; utilizing the 
new technique this fuel performs equivalent to 
iso-octane plus 1 8/10 cc. TEL. This improve- 
ment in performance is, of course, highly impor- 
tant under conditions of aerial combat. Against 
these advantages must be set the fact that very 
little fluid catalyst capacity is as yet in existence; 
a few plants are practically finished but none are 
yet in operation. The building of these units in- 
volves at least 18 months time and may extend 
even longer ; they are complicated chemical plants 
and after construction is complete some time may 
elapse before they can be brought on stream. 
Moreover, they require rather large quantities 
of alloy steels and other critical materials. In 
view of these considerations, particularly the time 
factor, there may be some modification of the 
present plans for furnishing raw material for 
half the rubber production from this process. 


The second major division of process types avail- 
able for production of butadiene is the movable 
bed catalyst discussed in detail elsewhere in this 
issue. Time of construction and requirements for 
critical materials are substantially less than 
needed for similar fluid catalyst capacity but 
yields are not as high if all three war products 
are considered: toluene, 100 octane fuel and 
butadiene. At the present critical stage of the 
rubber program the speed with which these plants 
can be erected is a major consideration. At the 
time of writing no movable bed catalytic plants 
are included in the official rubber program but 
considerable study is being devoted to this process. 


Finally much consideration is now being given to 
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revamping existing thermal cracking plants for 
the production of quick butadiene and quick syn- 
thetic rubber. In favor of this method it is 
claimed that it would require a minimum amount 
of critical material and could be accomplished b; 
a revamping of plants already built with a con- 
sequent substantial saving in time. Certain ther- 
mal cracking processes are known to give high 
yields of refinery gases that formerly placed them 
at a disadvantage in the competitive situation but 
that would now be a marked advantage in view 
of the changed product requirements brought 
about by the conversion of the petroleum indus- 
try from a peacetime to a war industry. Produc- 
tion of 100 octane aviation fuel and toluene is 
perhaps less efficient by the use of revamped ther- 
mal crackers than by either of the catalyst proc- 
esses; but the fact that over 1,500,000 bbl. of 
charging capacity is now in existence and can be 
put to work immediately weighs the scales heavily 
in favor of adopting this system for at least part 
of the synthetic rubber raw material source. 


At present the situation may be summarized as 
follows: production of synthetic rubber at the end 
of 1942 will be of the order of 95,000 tons per 
year to be increased to 800,000 ultimately. 
Studies are now being carried on by the RFC re- 
garding the advisability of raising ultimate syn- 
thetic rubber capacity to a total of 1,000,000 
Rubber Reserve Corporation 
planned at the end of June 1942 for the con- 
struction of 700,000 tons of Buna type rubber 
capacity to be handled by Firestone, Goodyear, 
Goodrich, and U. S. Rubber; 40,000 tons Neo- 
prene capacity entirely in the hands of du Pont 
and 60,000 tons Butyl capacity constructed and 
operated by Standard of Louisiana and Humble 
Oil and Refining Company. The butadiene and 
styrene required as raw material for this rubber 
output is to be furnished by about 20 oil and 
chemical companies from catalytic and possibly 


tons per year. 


revamped thermal cracking units. Of the four 
big rubber companies Goodyear expects to have 
15,000 tons capacity in operation by the end of 
July, 1942; Firestone and U. S. Rubber antici- 
pate operation of 15,000 ton plants in each case 
by the end of September 1942 ; and Goodrich will 
have a 15,000 ton plant in operation by Decem- 
ber 1942. Goodrich already is operating a 7,000 
ton plant which is in addition to the 15,000 tons 
capacity that will be ready in December. du Pont 
has in operation about 20,000 tons capacity for 
production of Neoprene. Six or seven thousand 
tons capacity for production of various special- 
ties was in existence before the Rubber Reserve 
Program was initiated. The United States should 
go into 1943 with a synthetic rubber capacity of 
close to 100,000 tons; it is expected that during 
1943 300,000 tons of synthetic rubber will be 
produced although at the moment this figure ap- 
pears optimistic. During 1944, the synthetic pro- 
gram calls for production of not less than 700,- 
000 tons. By 1945 the situation should have be- 
come stabilized with the production of synthetic 
rubber ample to take care of military, export and 
essential civilian requirements. 





































































In this control plant of the Naugatuck Chemical 
Division of the United States Rubber Com- 
pany, synthetic rubber has been manufactured 
since January, 1941. This small plant was 
erected to act as a guide for the large synthetic 
rubber plant now nearing completion. 





BOTTLENECKS 


and 
Searce Materials 
Have Not Impaired 
Industry's 
WAR PROGRAM 


Ingenuity in Shifting Equipment, 
Finding Substitutes and Devising 
Short Cuts Has Kept Pace With 
Vastly Increased Demands—Work 
of Construction Section of OPC an 


Important Aid to Industry. 


So LONG as American production of war 


materials was limited to supplying the country’s 


defense requirements and some part of the needs 
of the nations battling against totalitarianism the 
provision of materials and the facilities of manu- 
facture offered no great problem. Specific pro- 
grams of production with limited objectives were 
being carried out. With few exceptions however, 
the materials on which the so-called defense in- 
dustries depended were in ample supply for the 
requirements of the time and their demands 
could be met with relatively little interference 
with the regular output for civilian use. 


With Japan’s sneak attack on Pearl Harbor how- 
ever the situation was completely changed. The 
United States was plunged into the greatest war 
in history and the rapid spread of this conflict 
called for the despatch of troops, ships, and planes 
to all corners of the earth. Goals previously set 
for the production of war supplies were forgotten 
and maximum output of all needed materials be- 
came the sole objective. 


While the system of priorities designed to meet 
the needs of different branches of industry ap- 
proximately in the order of their urgency had 
worked out fairly well in the earlier period when 
it was a question merely of the promptness with 
which orders could be filled it proved totally in- 
adequate to cope with conditions arising after the 
United States entered the war. Demands for all 
sorts of materials needed for the manufacture of 
arms and munitions, for the building of ships and 
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planes and tanks and for the construction and 
equipment of the many new plants required to 
turn out these materials multiplied to such an 
extent that it was no longer possible to meet both 


military and civilian needs in full. Priorities 
were replaced by allocations, a system under 
which total available supplies of essential mate- 
rials were surveyed and assigned to the uses 
deemed most important. Stocks of these mate- 
rials were frozen and their use for other than war 
purposes was forbidden or severely restricted ac- 
cording to the degree of stringency. It was im- 
pressed upon industry generally that the utmost 
economy in the use of these materials was im- 
perative as a contribution to the war effort. 


Even in the earlier stages of war preparation it 
had been found that serious delays in plant con- 
struction frequently occurred because of failure 
to obtain delivery of some particular piece of 
machinery or some minor part at the time when 
it was needed. Pressure upon certain lines. of 
manufacture was more severe than upon others. 
Sometimes the fault lay in the failure of construc- 
tors to place orders sufficiently in advance. Many 
of the equipment fabricators who normally supply 
the oil industry are now extremely busy on other 
war work while their competitors still have idle 
capacity or at least are able to do oil refinery 
work with a minimum of delay. As an example, 
one of the largest fabricators of oil refinery 
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New plants (left) or new 
units and revamping in exist- 
ing refinery centers (below) 
has been going forward with 
economy in the use of critical 
materials but in pace with the 
growing demands from the 
military establishment, 


equipment in normal times, is now almost com- 
pletely occupied in building special equipment 
for the synthetic ammonia program. This plant 
is one of the few which can build the equipment 
required for synthetic ammonia and must take 
this work. However, others who are equally well 
equipped to do oil refinery work do not have the 
equipment for the ammonia work and therefore 
can give better deliveries on the refinery equip- 
ment. 


In the building of refining units to manufacture 
100 octane gasoline or other war materials, where 
a wide range of equipment was required, the pos- 
sibilities of delay from this cause were particu- 
larly numerous. To have a refinery costing some 
millions of dollars kept from its task of supply- 
ing aviation fuel urgently needed by the fighting 
forces because of failure to receive caps for its 
towers, a set of valves or a control instrument 
was a handicap of serious import to the war pro- 
gram. Much valuable time was spent by oil com- 
pany engineers, builders of plants and govern- 
ment officials in the effort to prevent or straighten 
out tangles of this sort. It was one of the tasks 
that the Refining Division of the Office of Pe- 
troleum Coordinator undertook soon after its 
establishment as a joint service to the oil indus- 
try and the government. Later on, as the list of 
critical materials grew longer and the difficulty 
of obtaining some of them increased, a special 


Construction Section of the Refining Division 
was organized under the direction of Max B. 
Miller, well known to the oil industry as a suc- 


cessful inventor, engineer and builder of plants. 


As a result of the work of this Construction Sec- 
tion, together with the energetic efforts of plant 
builders and oil industry engineers, the program 
for the expansion of 100 octane gasoline produc- 
tion which was the chief concern of both indus- 
try and government has been carried forward on 
schedule and the production of this essential 
product has kept ahead of current military de- 
mands. Work of the Construction Section in- 
volves much more than the name implies. While 
it follows closely the progress of plant erection 
and the delivery of materials it studies and sug- 
gests ways and means of minimizing the use of 
scarce materials, suggests short cuts in construc- 
tion and operation and encourages simplification 
of design and specifications wherever this can be 
done without substantial loss in efficiency. It acts 
as a clearing house for the exchange of ideas that 
contribute to the saving of time and materials. 
Its primary purpose is to see that materials for 
the job are on the job at the time when they are 
needed but this involves much more than a mere 


checking up on orders and deliveries. 


In submitting plans and estimates for specific 


projects proposers are required to file lists of ma- 








terials needed with required delivery dates. From 
these lists the Contract Section draws up com- 
posite schedules showing the amounts and kinds 
of materials required for the entire program and 
also a time schedule showing the dates when 
these various supplies will be needed. In order to 
meet the time schedule set up for the completion 
of a refining unit it is not sufficient to place or- 
ders with fabricators for delivery by specified 
dates of towers and tanks, engines, pumps, valves, 
pipes and fittings and all the other kinds of equip- 
ment involved. The fabricators of this equip- 
ment must be able to obtain the steel and other 
materials entering into its manufacture. The 
Construction Section of the OPC sees to it they 
are supplied in this respect and up to date sub- 
stantially all requests have been filled in accord- 
ance with the program. 


As is true in most lines of war activity steel is 
the material most in demand for the construction 
of refining units. Steel plate is the most critical 
form. At present rates of delivery 90 per cent 
of the plate required for the part of the program 
to be completed before July, 1943 will have been 
supplied by the end of the year and the peak 
demand for this purpose will be over unless, 
as now seems probable, the intensity of land 
and sea fighting and the leading part in it 
assigned to high powered planes causes an up- 
ward revision in the projected output and the au- 
thorization of more plants for this purpose. Not 
only is steel in large quantities required by the 
refining industry but much of it has carried high 
alloys of such critical materials as chrome and 
nickel. Scarcity of these elements and a desire 
to lighten the pressure on plants producing high 
alloy steels has led the War Production Board 
to work out specifications for what is known as 
national emergency steel with a lower alloy con- 
tent than designers have been specifying in the 
past. In certain refining equipment where high 
temperatures or corrosive oils must be dealt with, 
as in furnace parts or plates for towers it is recog- 
nized that alloys cannot be dispensed with but 
experiments have indicated that some economies 
in their use are possible and wherever possible 
the use of the milder NE steels is urged even 
though this may involve some shortening in the 
life of the equipment. Aside from these general 
considerations other time and material saving de- 
vices are investigated by the Construction Sec- 
tion. In a bulletin distributed earlier in the year 
it was suggested that strip mill or rolled plate 
be substituted for scarce sheared plate in units 
where only normal pressures and temperatures 
were required and information was provided as 
to the mills capable of supplying strip rolled 
plate with the dimensions available. Use of elec- 
tric welded tubing and butt welded pipe in place 
of seamless steel tubing urgently required for mu- 
nitions manufacture and the substitution of other 
materials for galvanized steel sheets as weather- 
proofing insulation were other recommendations. 
Another means of simplifying and speeding up 
steel mill operations has been a reduction in the 
variety of specifications for tubing and other 
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equipment. In the past the individual preferences 
of designers have led to a multiplication of speci- 
fications and compliance with these naturally 
slows down the production capacity of fabri- 
cators. Under stress of war necessity it has been 
possible to reduce these from as many as fifteen 
or twenty to half a dozen classifications accepted 
as standard by the entire industry. 


While the capacity of American steel mills is so 
great that in peacetime it is hardly ever fully em- 
ployed even in periods of greatest industrial ex- 
pansion the present situation is putting them to 
a test such as they never have faced before. Steel 
in huge quantities is required by all the instru- 
ments of war and the demands for allied nations 
under lend lease have risen to a point where the 
United States has become the chief supplier for 
all the United Nations. Consequently no other 
commodity is studied more intensively in the 
effort to effect savings in its use in construction 
or to find acceptable substitutes where this is pos- 
sible. Recently the War Production Board or- 
ganized an Iron and Steel Division to supervise 
the use of these commodities and drafted Reese 
H. Taylor from his post as president of Union 
Oil Company to act as chief of this division. As 
the war program has progressed ways and means 
of curtailing the former liberal use of steel plate 
and structural steel have been worked out. Re- 
building of old tanks has helped and the Con- 
struction Section of OPC has recommended that 
steel platforms and stairways be reduced to a 
minimum as a temporary measure. A circular let- 
ter sent out by Mr. Taylor directs attention to the 
substitution of other forms of tubing for the cold 
drawn seamless type. In every possible way it is 
being impressed upon the users of steel that every 
pound saved in construction means an additional 
pound for the making of shells or tanks or ships. 
The engineers of the refining industry are re- 
sponding by discovering hundreds of large and 
small economies and substitutes. One such is the 
use of transite or plasticized materials in place 
of sheet steel for roofing, side walls or the 


weatherproofing of insulation. 


Provision of power equipment has been the cause 
of many headaches, particularly in types that are 
used extensively in shipbuilding. Steam turbines, 
gas and Diesel engines, have been in short supply 
and plant constructors have been urged to make 
use of electric power, reciprocating engines and 
gasoline engines of the automotive type wherever 
possible. Compressors, reduction gears, centrifu- 
gal pumps, valves, fittings and instruments have 
presented bottlenecks of varying degrees of se- 
verity. To relieve this situation so far as can be 
done orders have been spread among as many 
manufacturers as possible, hookups of smaller 
sized units have been arranged in place of larger 
sizes difficult to obtain, direct or belt drive has 
been substituted for gears. 


One of the devices to which plant engineers have 
resorted in order to obtain equipment urgently 
needed for war production has been the “borrow- 


se 


Older plants are undergoing extensive 
revision occasioned by the shift in ¢e- 
mand for refinery products: butadiene 
and toluene hardly needed to be taken 
into account when the refineries shown 
above and to the right were constructed; 


aviation gasoline was a minor consid: re 
ation. But by the exercise of great in-| 


genuity the industry has been able to con- 

vert much of its existing plant to p:o- 

duce the new products demanded by «ar 
conditions. 
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ing” 0’ parts from plants where full production 
is less essential. This has extended to the virtual 
dismantling of some plants not so equipped or 
locate as to be readily convertible to war work 
but which are not urgently needed for commer- 
cial products owing to the decrease in commercial 
distribution of certain petroleum products. 


Not «ll the equipment made available for use in 
war plants has had to be taken from active duty 
elsewhere. A helpful source of supply has been 
the reserve of spare parts carried by the majority 
of plants. It frequently happens also that a piece 
of machinery in good condition that has been dis- 
placed in the course of reconstruction that is 
always under way in a large refinery is allowed 
to remain in the plant or yard even though there 
is little likelihood of its being put to further use. 
An example of the way in which such equipment 
can be brought into service was afforded some 
weeks ago when additional compressors were 
needed. The Construction Section asked the va- 
rious oil companies to supply information as to 
any compressors that they might be able to spare. 
As a result, compressors aggregating 92,000 
horsepower were reported and a large number 
of them were placed in plants where the need for 
such equipment was urgent. Profiting by this 
experience the Section has asked for similar list- 
ings of other spare equipment and materials 
which can be made available. 


Inquiry sometimes reveals the existence of manu- 
facturing capacity that is not fully employed. 


This happened recently when the Construction 


Section, made apprehensive by the apparent tight- 


ness in the supply of valves, sent out a communi- 
cation on the subject which uncovered the fact 
that certain makers of this equipment were in a 
position to handle additional orders which were 


promptly placed. Nevertheless the Construction 
Section believes that a shortage in this line of 
equipment as to certain types and sizes is likely 
to develop and has recommended that orders be 
placed early instead of following the practice 
which it declares is rather common of leaving 
this equipment until among the last to be pur- 
chased for a new or reconstructed plant. 


Demand for usable second hand equipment long 
since outran supply but in the reconstruction or 
enlargement of units it sometimes happens that 
certain equipment can be discarded and this is 
immediately snapped up for use in other projects. 
Officials of one large refining company recently 
reported to the Construction Section that a re- 
arrangement of their tankage equipment would 
enable them to eliminate three floating roof tanks 
of 140,000 bbl. capacity each which were in proc- 
ess of construction and these were immediately 
assigned to another project in need of this par- 
Another 


set of tanks from one location to another and 


ticular equipment. refiner removed a 
equipped them with new roofs although the ex- 
pense of this operation was greater than the cost 
of new tanks of equal capacity. The company 
cheerfully assumed the loss involved in this pro- 
cedure because of the substantial saving in steel 
for the war effort. The devices to which oil in- 
dustry engineers have resorted to find ways of 
saving critical materials, shifting equipment and 
replacing machinery difficult to obtain without 
sacrifice of efficiency would fill a volume. They 
constitute a tribute to the ingenuity of the men 
handling these practical problems as well as to 
their whole hearted zeal in putting the war pro- 
gram through to a successful issue. 


Research investigations that were put under way 


long before the war started are bearing useful 


fruit in meeting the new conditions that have 
arisen. Recently Standard Oil Company of Ohio 
informed the chief of the Construction Section 
that it had been experimenting for a year and a 
half with enamel bubble caps on the vapor inlet 
trays of primary towers and that several hundred 
of these had been in use for a year or more with 
entirely satisfactory results. Inasmuch as chrome 
has been extensively used in the making of bubble 
caps because of its ability to resist corrosion the 
substitution suggested points to a potential sav- 
ing in a war-scarce material and tests are being 
made to determine whether other extensions in 


its use may be adopted. 


Labor, space and time saving ideas have con- 
tributed to the effective conduct of wartime oper- 
ations in the refining field. A suggestion along 
this line advanced by Sinclair Refining Company 
as a result of its own experience has proved its 
practical usefulness. This provides for the con- 
struction of towers in sections, each ring with its 
bubble travs and internal connections being com- 
pletely fabricated, stress relieved and shipped to 
the point of erection where the various parts are 
put together and welded. The advantages of the 
system include a great increase in shop capacity, 
the utilization of steel as fast as received, greater 
facility in transportation and easier handling in 


the field where the plant is to be erected. 


These few examples are but a slight indication of 
the many ways in which the engineering and op 
erating forces of the oil industry are working to 
devise new methods, to save scarce materials and 
to find short cuts that help to keep the war con- 
struction program moving on schedule or in many 
instances ahead of schedule. The Construction 
Section of the Office of Petroleum Coordinator 
performs an important function in this movement 
by providing for a steady flow of materials to the 
point where they are needed, by originating prac- 
tical suggestions for time and material savings 
and by acting as a clearing house for ideas de- 
veloped out of the experience of individuals and 
companies and making these available to the in- 
dustry at large. The whole undertaking typifies 
the kind of team work that is being applied to 
the entire war program of the refining industry 
and that is enabling it to meet the vastly increased 
demands imposed by the swift extension of the 


world conflict. 








THERMAL CRACKING Facilities 
Can Aid Nation’s War Effort 


Iv A paper published in this magazine* in 
October 1939, just after the start of World War 
II, it was predicted that the defense of the United 
States would call for many more planes and the 
fuel to feed them, that European countries no 
doubt would call upon the United States for 
large quantities of high octane fuel and that the 
production of aromatics from petroleum would 
assume a new importance, particularly in the pro- 
duction of toluol and benzol by catalytic crack- 
ing and thermal polymerization. These fore- 
casts have proved to be far short of actual devel- 
opments, for the present military requirements 
of the United States itself and the demands of 
the United Nations for aviation fuel call for the 
installation of such processes on a scale that taxes 
the national capacity for the production of alloy 
steels and other critical materials needed for thei: 
essential plants. 


In view of the fact that almost three years have 
passed since the article referred to was published, 
it may be worth while to look back and see what 
has been left behind, and what has been picked 
up en route to the Land of Synthetic War Ma- 
terials, with particular attention to the two ma- 
terials that have come to occupy a chief strategic 
position in the American war program, that is 
to say, aviation gasoline and rubber. Had it been 
possible to foresee the world conflagration in its 
present dimensions and to plan our production 
program on the basis of the total involvement in 
which we now find ourselves, we could have been 
further along the road to maximum output on 
which we are now racing in desperate haste. Had 
America been thinking in terms of war and the 
ability to overcome powerful foes we would have 
busied ourselves in studying the arts of destruc- 
tion and would have directed our industries to 
forging its instruments on a vastly effective scale. 
As we all know, however, Americans have not 
been thinking of war and almost until the mo- 
ment when it was thrust upon them they were 
unwilling to believe that it could involve them 
directly. Consequently the growth of American 
war production has not been that of a carefully 
planned edifice but has proceeded piecemeal with 
additions here and there as the unfolding of 
events forced them upon us. 


First steps toward the development of military 
strength and of the materials needed to make that 
strength effective were taken as a measure of de- 
fense against a possible attack that to most per- 
sons seemed decidedly remote. The second phase 
opened when we undertook to become the “ar- 


*“Demand for Aviation Fuel Coincides with Era of 


Catalytic Cracking” by Dr. M. B. Cooke, World Petroleum, 
October, 1939. 
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senal of Democracy” and to supply the nations 
fighting agairist totalitarianism with the tools of 
war. Among the petroleum products most in de- 
mand by these nations was aviation fuel and it 
was then that the expansion of 100 octane gas- 
oline production was put under way on a sub- 
stantial scale. Even in the middle of 1940 the 
provision made for synthetic rubber production 
was relatively insignificant. Not until after 
Japan’s back-stabbing assault did the urgency of 
large-scale production of butadiene impress itself 
upon official Washington. It was still later be- 
fore the full extent and importance of the need 
for various aromatics was realized. Thus the con- 
struction program for 100 octane gasoline pro- 
duction was handled as a separate undertaking 
with authorization of a larger number of instal- 
lations to be devoted to this specific function, 
while the problem of synthetic rubber came in 
for later attention and was treated similarly by 
projecting another series of costly plants for the 
production of butadiene. The provision of to- 
luene and other specialized products that have 
been found to be required in vastly greater quan- 
tities than originally anticipated has been treated 
in much the same manner. It is questionable 
whether there is, or will be during the course of 
the war, enough of the necessary materials to 
provice for two or three sets of plants. Logically, 
the synthetic rubber program should be tied in 
with the aviation fuel program and the provision 
of petroleum war products should be dealt with 
as a single problem. That this was not done from 
the beginning was due in part to the way in which 
the war effort as a whole has moved through 
successive stages as described above. On the part 
of the oil companies who presented proposals for 
the erection of plants there undoubtedly was a 
natural disposition to plan their new construc- 
tion with regard to its long term usefulness 
rather than as emergency undertakings for purely 
war purposes. The whole training and tendency 
of oil industry and construction engineers has 
been to use the best materials, even to use them 
lavishly, and to build plants that would justify 
their existence on the basis of commercial opera- 
tion. The time has come, however, when further 
expansion of petroleum war production must 
utilize the quickest and most economical (in ma- 
terials) methods of meeting mounting require- 
ments, regardless of the effect on the future effi- 
ciency of plants or their ability to maintain a 
competitive position in industrial operation after 
the war. In other words, production for war use 
no longer can be treated as an undertaking sub- 
ordinate to the ordinary commercial operations 
of the industry. “All-out war” is more than a 
phrase today. We are in the midst of it, and it 
calls for the utilization of all national resources 


Conversion of Existing Plants Of. 
fers Quick and Economical Means 
of Providing Additional Aviation 


Fuel, and Rubber Intermediates 


to the fullest possible extent. In the oil industry 
there are still undeveloped possibilities in this 
direction which can be developed without undue 
drain upon strategic materials, which wil! permit 
a broader participation in the war program by 
independent refiners and will provide continuous 
activity for plants which otherwise might be 
forced to suspend operation because of shrinking 
domestic demand for their products. 


While American petroleum technologists have 
made great strides during the past two decades 
in the improvement of products, particularly in 
the field of high octane fuels, and while oil com- 
panies and equipment manufacturers have been 
active in the installation and operation of the 
latest processes and plants in foreign fields, one 
thing of importance was somewhat neglected. 
They did not appreciate, or at least did not suf- 
ficiently impress upon their chiefs and their own 
government, the significance of European devel- 
opments. An example in the field of aviation 
gasoline is the use of aromatics. In the early 
thirties an active debate was carried on among oil 
experts and engine builders on this subject, par- 
ticularly in connection with the use of aromatics 
in air-cooled motors. Back in 1934 the debate 
became so hot that a test was finally run in an 
airplane under various flight conditions. As a 
result of this test the use of aromatics in aviation 
gasoline was banned because the heads of the air- 
cooled motors ran some 25 degrees Fahrenheit 
hotter than the same motors showed when oper- 
ated on fuels of low or no aromatic content. 
Specifications of the government and of airplane 
motor manufacturers thereafter rejected a fuel 
if it contained as much as one percent of aro- 
matics. The question of gum deposition also was 
brought up as an argument against aromatics 
although the solution of the gum problem offered 
no great difficulty. The use of aromatics was dis- 
missed in this country but elsewhere the study of 
their potentialities continued, and the writer was 
informed by a member of the British Air Min- 
istry in 1937 that squadrons of light bombers 
were flying about in England with fuels contain- 
ing up to 30 percent by volume of benzol and 
other aromatics in their tanks. This information 
was brought to the attention of the American 
government and an offer was made to bring over 
a twin row radial motor for testing purposes. No 
action was taken then or in 1939, when the offer 
was repeated. It was left for actual war expe- 
rience to demonstrate that the use of aromatics 
in aviation fuel is a “must” and no longer op- 
tional. The so-called rich mixture characteristics 
of aviation gasoline are enormously enhanced by 
the presence of aromatics. The dive bomber using 
such fuel will come out of his dive and leave his 


The first commercial Gyro vapor phase thermal cracking unit: refineries of this type 
could be readily converted to production of butadiene for the synthetic rubber industry- 
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opponent operating with paraffinic fuels such as 
alkylate and catalytically cracked blend stock far 
behind—or on the ground. 


With emphasis placed, and rightly so, upon 
mounting requirements for large volume produc- 
tion of aromatics, it is to be noted that catalytic 
processes yield only small amounts of aromatics 
unless the plant is especially designed for their 
production, such as the Hydroforming process. 
To provide quickly the supplies of the special 
products that apparently will be required in in- 
creasing quantities, a way out is afforded by re- 
course to existing thermal cracking plants which 
can be converted to this purpose in much less 
time and with much less consumption of critical 
materials than is involved in the construction of 
new and costly plants. The existing cracking 
capacity of this country amounts to about 3,000,- 
000 bbl. per day of crude oil. If proposed ration- 
ing plans for the domestic use of motor fuel are 
carried out, half this capacity will be sufficient 
The other half 


can be made available to meet the need for rub- 


to serve civilian requirements. 
ber intermediates and aromatics. 


The conversion of existing plants for the produc- 
tion of aviation aromatics, butadiene and bu- 
tylene, as well as styrene and the necessary in- 
gredients of our present alkylate and iso-octane, 
can be fully accomplished in about six to eight 
months. This compares with the eighteen to 
twenty-one months for projected catalytic plants. 
The method of conversion would call for the low- 


ering of the pressure of operation in the case of 


the majority of the plants to about 15 pounds 
per square inch, as compared with their present 
operating pressure of 350-700 pounds. The 
throughput would be somewhat reduced, but due 
to the fact that naphtha is one of the best raw 
materials for the contemplated operation it is as- 


sumed that the units, after conversion, would be 
comparable to vapor reformers more than to or- 
dinary heavy oil cracking units. It is known that 
a cracking unit will usually reform an amount of 
naphtha equal to the volume of heavy oil charged 
per day, because the amount of oil going through 
the coils is only the raw stock and not recycle. 
There are several possibilities in the conversion 
scheme which have to be studied for each in- 
dividual unit, but the plants are all so nearly the 
same in regard to the fundamentals involved in 
the heat-time factor that it is easy to make up a 
schedule for the whole industry and vary only 
the details. The cracking units are all capable of 
being converted to vapor phase, and it then be- 
comes a question of minor changes in the particu- 
lar unit under study. 


Owing to the scarcity of materials required and 
difficulties in construction it is a safe assumption 
that the country will not obtain all the rubber it 
needs by the time it will be needed through the 
erection of costly specialized catalytic cracking 
To fill the breach and to produce the 
needed raw materials, butadiene, butylene and 


plants. 


styrene, as well as aviation gasoline, advantage 
will need to be taken of thermal plants and proc- 
esses. The most practical way to do this is to 


turn to the program suggested by the writer as 








a representative of the Gyro Company, in Jan- 
uary, 1942, which involves the reconstruction of 
a hundred or so of the thermal plants which are 
or will become idle because of a lack of tires and 


gasoline for private travel. 


The conversion of existing cracking plants for 
the alleviation of the acute need for both aviation 
gasoline and rubber involves the fundamentals 
listed: (1) The high pressure units (which are 
over 90 percent of the total available) must have 
their operating pressures reduced to about 15 
pounds gage. (2) They will have to operate on 
clean vaporizable stock. (3) The fractionating 
towers are the limiting factor in capacity in vapor 
phase operation because the volume of gases to 
be handled is increased in two ways (a) lowered 
pressure of operation and (b) the higher temper- 
atures employed give rise to greatly increased gas 
production. (4) In the vapor phase operation 
there is the problem of charge stock preparation 
—either the oil to be cracked must be vaporized 
and flashed free from residual oil, or there must 
be furnished a vaporizable charge stock such as 
naphtha. The latter is the preferable stock for 
these high temperature operations, for long runs 
can be made and the yield of the butadiene and 
butylenes are a maximum. The latter can be used 
for both purposes, aviation and rubber. There 
is obtained a high yield of aromatics when oper- 
ating on light stocks (if desired) or a composi- 
tion which lends itself to immediate and simple 
extraction. (5) The problem of extraction of the 
butylenes is a simple one, usually involving an 


distillation. The Union Oil Com 
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Experimental Gyro unit in lower foreground: installed in 1932 in connec- 


tion with a complete semi-commercial distillation unit. 


pany of California has such a process, as does the 


Phillips Petroleum Company of Bartlesville, 
Okla. These processes are perfected, and are 
ready to go. The butadiene is obtained in a high 
yield (recovery) and the aromatics extracted have 
been passed on as suitable for all uses to which 
aromatics are put in the chemical industry. 


The two best known thermal liquid phase crack- 
ing units were probably the Cross and the Dubbs 
(later U.O. P. Co.). These units were and are 
identified by their operating pressures of 350-700 
pounds and their phase (in each case believed to 
be substantially liquid). The furnaces are 
equipped, in most cases, with carbon steel tubes 
which were and are satisfactory for operating 
temperatures not exceeding 950-1000° F. In the 
change-over to vapor phase, 1100-1400° F. oper- 
ation it is only necessary to remove some of the 
tubes in the high temperature section of the fur- 
nace. ‘These tubes must be replaced by alloy 
tubes, the composition of which varies but may 
be classed as “chrome tubes” in general. A tube 
known to have the proper life is made of 5 per- 
cent chrome, % percent molybdenum and 1% 
percent silicon. This tube shows good oxidation 
resistence up to 1500° F. and fair creep strength 
up to 1300° F. 
one called Sichromo No. 3, which is good for at 
least 1300° F. It is only necessary to place these 
tubes in the furnace when the oil vapors pass 
1000° F. and eventually reach 1350-1400° F. in 
case of the high temperature-maximum yield of 
butadiene type units, and those units where aro- 
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matics are desired. The latter require a time for- 
mation much greater than the butadiene. If the 
old furnace tube hangers are of alloy steel, it 
probably is not necessary to replace such hangers. 


The transfer line from the furnace to the quench 
point must be of alloy steel to withstand the high 
temperatures of 1200-1400° F. 
tion should be paid to air hardening of the alloy 


Particular atten- 


transfer line for it may become dangerously 
brittle in service. After quenching, the temper- 
ature having been reduced to at least 600° F., the 
mixture is passed to a fractionating tower or it 
may be quenched down with water to 100° F. 
and the gases removed from the liquids. Existing 
plant equipment will decide which system is pref- 
erable. If the vapors are fractionated the fixed 
gases leaving the tower under 10-50 pounds 
pressure are compressed and scrubbed clear of 
condensable hydrocarbons by an absorption sys- 
tem. The condensate is stabilized in order to col- 
lect the most desired cuts of Cy, and aromatics 
in separate fractions. The former is contacted 
with special solvents for segregation of butadiene 
and isobutylene, the two chief rubber raw mate- 
rials. The olefins and parafins not wanted are 
recycled. 


The aromatic distillate is cut to fractions: one 
containing benzol and the other toluol. These are 
selectively removed by special solvents, washed 
with acid and redistilled. The usual “bottle- 
neck” in most proposed conversion units is the 
fractionating tower. This can be overcome in 
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A recently completed True Vapor Phase unit now in commercial oper 
tion: limited quantities of scarce alloy steels are required to revamp plani 


such as these for production of butadiene, 


most cases by installing a cheap, second-hand, re- 
worked, large-sized bubble tower with 10-12 
trays (or a packed tower) to give reasonable 
separation of distillate from residue. The oper- 
ating pressure will be less than 50 pounds an! 
this makes second-hand towers fit the require- 
ments. The services of the existing depropaniz- 
ers, debutanizers, bubble towers, and the like can 
be switched around so that enough equipment is 
on hand at any first rate refining (liquid phase) 
unit to do the job. It is to be assumed, of course, 
that compressors will be necessary. Outside of 
chrome tubes and compressors, it is not believed 


any strategic war materials will be needed. 


The systems of Gyro, True Vapor Phase, and 
f 


diolefine and olefine production without change. 


Cooke are adaptable to the present problem 


They can be used as they are, for they have al- 
ready been used, and have produced the only 
butadiene and aromatics in quantity which have 
been produced in this country with the exception 
of that produced by the expensive and compli- 
cated catalytic hydroforming process. The latter 
f 


plant was built specifically for the production « 
toluol, and so far as is known is doing what it 
was designed to do. There is no criticism of the 
ability of engineers to design and build catalytic 
plants for specific jobs; that can be done and /ias 
been done to the great national benefit. ‘! he 
criticism is, in the present case, that there is not 
enough alloy steel and other critical materia! in 
the country for the immediate construction of 
giant catalytic plants to produce the huge quan- 
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tities of butadiene and the butylenes and the aro- 
puatics demanded this year and next, not in the 
year 1950 or 1955. 


This fact is certain; if a 
catalytic unit can be constructed with no limit on 
the amount of material of construction and no 
consideration given to yield of the desired mate- 
rial of output they are capable of turning out a 
fine product. If time is of the essence, then the pic- 
ture is one of absolute clarity; it will show that 
the conversion of existing thousands of tons of 
stee! and the millions of parts which go to make 
up a modern thermal cracking plant is a sensible, 
quick way in which to produce the needed ma- 
terials of rubber and aviation gasoline. 


In converting the existing thermal plants to vapor 
phase cracking units it is first necessary to plan 
either to use the existing fractionating equipment 
as-is (this gives the most rapid conversion plants 
after-the-war-value), or to plan on adding to the 
fractionating equipment. The problem is one of 
vapor load on the fractionating towers and the 
cooling and condensing capacity of the existing 
equipment. Since most thermal cracking units 
use a recycle ratio about 3-1 or 4-1, it then is not 
a question of heating capacity of the furnaces, for 
the vapor phase cracking here contemplated calls 
for once-thru operations with either no recycle, 
or at least with a small ratio of recycle in the 
range of 1-1 or 2-1. The furnaces in most cases 
can be rebuilt to have part of their present heat- 
ing coils divided into a vaporizing section and 
The 
vaporizing of light stocks, such as naphtha, is 


into a high temperature cracking section. 


comparatively easy and the cracking of this stock 
at 1350-1400° F. 
is available a comparatively small number of al- 
loy steel tubes to withstand the high temper- 
atures. The time factor is very short in the pro- 
duction of butadiene, being in the hundreths of 
a second and not in the range of minutes, as it is 


is accomplished easily if there 


in thermal-high-pressure cracking for ordinary 
gasoline. For this reason it is not necessary to 
have any soaking bank of tubes at all—in fact it 
is fatal for yields if a long time-factor is used in 
the production of butadiene. If it is desired to 
produce a high yield of aromatics by the opera- 
tion, then a soaking is necessary, but in this case 
it is usually necessary to withhold all heat input 
into this coil, or even to cool the coil externally. 
The formation of aromatics by polymerization is 
highly exothermic, as demonstrated on commer- 
cial Gyro-Pure Oil units built and operated sev- 
eral years ago. The formation of the maximum 
yields of butadiene calls for high temperature and 
extremely short time. The formation of high 
yields of aromatics calls for the same tempera- 
tures, but the time must be lengthened consider- 


ably. 


In commercial operations for the thermal produc- 
tion of butadiene we usually find that we obtain 
a heppy medium as the final result, viz: the plant 
will turn out butadiene to the extent of 4 to 7 
weight percent of butadiene from naphtha crack- 
ing, and at the same time it will produce some 10 
Weizht percent of aromatic (purified basis, so 
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that the aromatics are suitable for nitration). 
This type of operation is the easiest to plan for 
in the conversion type of thermal unit, inasmuch 
as the units will not be adaptable to give the 
maximum yield of butadiene—10 weight percent 
—unless they are equipped with gas heating medi- 
um steam or super-heated steam from an external 
source. The latter is not recommended, since our 
country needs boilers as well as rubber, and this 
would call for a very large boiler capacity. If 
heated gas is used to cut down the time and raise 
the yields of butadiene according to the patents 
of TVP or of Cooke, it will lengthen the time 
of converting the units. The maximum speed of 
converting the existing thermal cracking units 
calls for using the units as they are, as closely as 
possible. They should only be changed as little as 
possible, so that time will be saved as well as 
critical and strategic materials. The maximum 
yield of butadiene does not have to be attained in 
this case, as it is an emergency matter, and if the 
time is relatively long another needed material 
for war will be obtained in increasing quantities, 
aromatics. The yield of butylenes is increased 
when the yield of butadiene is relatively low. The 
production of butyl rubber is, it is believed. as 
important as the production of Buna S, and this 
balances out the defect of reduced yield of buta- 
diene. 


As an example of the two types of operation 
there is shown in the following table the results 
of thermal operations by two methods of operat- 
ing a thermal cracking unit: 


High Temperature—Short Time 


(With Gas or Steam) 
Charge Stock 
Yields 
Butadiene 
Butylenes ....... 


RECESS GOGUE) coecccrvercveccevisecse 


it was found that butadiene is formed in con- 
siderable quantity even in normal Gyro Cracking 
operations, One such commercial unit was oper- 
ated in the Mid-Continent field for a year or so, 
and the butadiene was extracted by one of the 
regular extraction methods. As a result of this 
operation the C, cut amounted to 12.0 wt. per- 
cent of the total gas, and the percentage of buta- 
diene in this cut was 14.5 percent. 


The isobutylene amounted to 40 percent, and the 
normal butylene was 20 percent. 


Based back on the charge this amounts to: 
Butadiene 12/ 14.5%—1.74% on charge 
Isobutylene 18/ 12%—2.16% 

Normal Butylene 6 12% —0.72% 


If the same units are operated on naphtha as the 
charge, instead of on reduced crude oil charge, 
and at maximum temperature, the yields become 
Butadiene (C, fraction amounts to 14.0% by wt.) 

30.0/ 14.0% — 4.2 wt. % on charge 


Butylenes 14.0/ 60.0%— 8.4% 
Aromatics 
(pure) 11.0 wt. %—11.0% 


Propylene 9.0 wt. % 


32.6 wt. % 


Total useful products 
The ethylene 
14.0% 


46.6 wt. % 


amounts to 


High Temperature—Long Time 


225-400° Naptha Characterization Factor 12.0 


If we include other war gases obtained, we show the following 


Propylenes . 


Ethylene 


Total 


It will be noted that the sum of the two major 
rubber intermediates is exactly the same; 24.0 
wt. percent. The yields of aromatics are radically 
different, as are the yields of propylene, while the 
yield of ethylene is not materially affected. It 
would appear from these data that the correct 
method would be the second, involving a reason- 
able yield of butadiene and a high yield of aro- 
matics, since the amount of rubber resulting from 
the operation would be the same, and this then 
throws the economics toward producing the other 
direly needed raw material, aromatics. It will be 
noted also that the yield of propylene is high in 
the second case and this is conducive to high 
yields of isopropyl benzene, if the benzene is 
united with propylene. 


Gyro units were operated on reduced crude and 





10.0 wt. 6.0 wt.% 
14.0 18.0 
2.0 11.0 
9.0 19.0 
23.0 21.0 
58.0 wt. 75.0 wt.) 


The above figures are the maximum attainable at 
present and involve major changes in the units. 
The use of temperatures as high as 1400 degrees 
F. is contemplated, and this calls for the best ob- 
tainable chrome steel tubes to withstand the high 
temperatures. This conversion is not as quick as 
would be raising the temperature on existing 
Gyro or TVP units, or by a moderate conversion 
of existing thermal high pressure units such as 
the Kellogg-Cross, Tube and Tank, Winkler 
Koch, and Dubbs. 


As an example of the possibilities of the conver- 
sion of thermal high pressure units in this country 
to produce the emergency materials, butadiene, 
butylene, and aromatics, the following approxi- 
mations are believed to be reasonably correct. 


(Continued on page 88) 
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WV ew the present war is over and historians 
review our state of preparedness to assume the 
burdens of war when the Japs struck on Decem- 
ber 7, 1941, it will be evident that our petroleum 
industry was well prepared to meet the needs of 
a modern war machine for lubricating oils as re- 
gards both quantity and quality. 


Fortunately, research on the development of su- 
perior lubricants for high output internal corn- 
bustion engines has been prosecuted intensely 
since about 1928, and the results obtained were 
so outstanding that the translation of the new re- 
fining processes and compounding formulae into 
commercial use followed close on the heels of 
the research. Consequently, when we _ were 
thrown into war, not only did our technologists 
know how to make the superior lubricating oils 
to be needed in an all-out war effort but the 
facilities for producing such lubricants in prob- 
ably ample quantities were already in operation 
or under construction. In the following review, 
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RECENT DEVELOPMENTS 


it will be apparent that production of the most 
valuable lubricants for severe service conditions 
consists of two distinctly different operations ; 
namely, (1) the production of a well refined 
hydrocarbon oil containing a minimum of hydro- 
carbons of undesirable types in view of the in- 
tended service and (2) the addition of chemicals 
or compounds to improve further the efficiency 
of the oil for the specific service intended. As will 
be seen, the development of these two phases of 
modern lubricating oil production took place one 
after the other and in the order’ mentioned. 


Before about 1928, lubricating oil refining was 
principally for color, flash point, cold test, and 
carbon residue, although the importance of sludg- 
ing and general oil deterioration with engine use 
had become fairly well recognized. The refining 
processes available, however, were so limited in 
their application and effectiveness that the in- 
herent nature of the crude oil at hand was the 
controlling factor as regards the composition and 
properties of the finished lubricating oil. There- 
fore, it was only natural that up to that time, 
it had been customary to think of lubricating oil 
quality in terms of crude source. In fact, so well 
founded and widely accepted was this method 
of designating quality that even today after such 
designations have become practically meaningless 
because of modern refining and compounding 
practices, one still finds occasionally crude source 
being taken as the basis for evaluating quality. 
Indeed, it was largely the desire to reproduce 
exactly the physical properties of “Pennsylvania” 
lubricating oils which inspired and supported 
much of the pioneer work on certain solvent ex- 
traction and dewaxing processes which have now 
become in lubricating oil production as indis- 
pensable as cracking in gasoline production. 
oils were sold in the earlier days principally on 


Since 


the basis of physical specifications, such as gravity, 
flash and fire, viscosity-temperature slope, color 
and carbon residue, the first objective was to 
meet the required specifications for these physical 
properties. The research chemist, however, felt 
that the surest way to duplicate not only the phy- 
sical but also the chemical properties of oils found 
best in service was to duplicate these oils from a 
chemical point of view. Consequently, it was un- 
dertaken to devise methods which would permit 
the crude lubricating oil stock to be separated or 
fractionated on the basis of chemical composition 
into as many fractions or component groups as 
desired. This would immediately permit the re- 
finer to select the appropriate fractions required 
to duplicate any other sample of hydrocarbon 
lubricating oil, thereby removing forever the 
limitations or preferences imposed by crude 
source. The practical answer to this problem was 


found in efficient, economical solvent extraction 





and dewaxing processes now in everyday use, 


On account of the fact that California crudes 
give unrefined lubricant stocks farthest away 
from “Pennsylvania” oils, the need for drastic 
refining methods was perhaps felt strongest in 
California. At any rate, many of the new lubri- 
cating oil refining processes were developed on 
California crudes. The application of these and 
similar processes to Mid-continent crudes was 
readily accomplished because these crudes pre- 
sented less difficulties. Further, it was recognized 
that many of the solvent treated oils were freer 
of easily oxidized, unstable, carbon and sludge 
forming, low V.I. fractions than average “Penn- 
sylvania” oil. To match these new standards of 
purity, a number of solvent extraction plants have 
been constructed to operate on “Pennsylvania” 
oils. Thus, by the fall of 1941, the new type 
lubricating oil plants were in operation all across 
the United States, producing lubricating oils from 
a wide variety of crudes to meet practically any 
desired specifications. 


These solvent extraction processes for separating 
the lubricating stock into two or more different 
fractions are not to be confused with fractiona- 
tion by distillation. The latter process separates 
the oil on a boiling point or molecular weight 
basis, whereas, the solvent extraction process is 
designed to make a separation on a basis of chem- 
ical composition. It so happens that hydrocarbons 
differing in chemical structure but having the 
same boiling point or molecular weight generally 
have different affinities or compatibilities with 
certain solvents. By using a solvent which exhi- 
bits a wide difference in mutual affinity or sol- 
vent power with respect to aromatic, naphthenic 
and paraffinic oils, a selective separation is easily 
made with reasonable efficiency on any cut from 
a preceding distillation. It is to be noted that 
solvent treatment and vacuum distillation should 
supplement rather than replace each other in 
lubricating oil refining. The undesirable con- 
stituents in lubricating stocks consist of asphalt, 
wax, unstable (low API gravity) oil fractions, 
and hydrocarbons of too high or too low boiling 
range. Modern lubricating oil refining, therefore, 
consists of deasphalting, 
fractionation 


de-waxing, chemical 
and_ boiling 


point fractionation (vacuum distillation). 


(solvent extraction) 


Deasphalting is accomplished by (1) vacuum dis- 
tillation, (2) acid treatment, or (3) propane 
extraction. Vacuum distillation is used mostly 
where the asphalt content is high, whereas direct 
acid treatment is limited to low asphalt contests. 
Propane deasphalting is applicable to all classes of 
residue regardless of asphalt content and permits 
the maximum recovery of paraffinic oil. The 
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In Lubricating Oils Are Valuable to War 


newer dewaxing process which contributes toward 
the practicability of producing superior lubricants 
from a wide variety of crudes all employ special 
solvents and special filters or centrifuges. The 
special solvents now in greatest use commercially 
are (1) propane, which serves also as an internal 
refrigerant as well as a diluent and wax precipi- 
tant at low temperatures, (2) ethylene trichlo- 
ride, which is used with a centrifuge because the 
wax is lighter than the oil-solvent solution, and 
(3) a mixed ketone-aromatic solvent such as ace- 
tone-benzene, methylethylketone-benzene, or to- 
luene, etc. The older methods of cold-pressing 
neutrals and cold-settling or centrifuging residual 
stocks are still employed in many refineries be- 
cause of installations made before the develop- 
ment of the foregoing solvent dewaxing processes. 


Solvent extraction is widely carried out in pro- 
pane solution using a solvent consisting of cresol- 
phenol. The asphalt rejected by the propane may 
be removed as a separate product or may be al- 
lowed to collect in the solvent phase along with 
the aromatic-naphthenic oil fractions. On account 
of the fact that propane exerts a rejecting effect 
on aromatic, naphthenic hydrocarbons and to 
some extent the highest molecular weight paraf- 
finic hydrocarbons, whereas cresol-phenol has a 
strong solvent power for these materials, this 
combined pushing and pulling action gives re- 
markably better results than if the propane is 
before the is applied. This 
process is producing some of the most highly re- 
garded brands of oil. Where deasphalting by 
vacuum distillation, propane extraction or acid 


removed solvent 


treatment precedes selective solvent extraction, a 
single solvent can be used effectively, especially 
where the stock is of relatively narrow boiling 
range. Such solvents in commercial use in this 
country are phenol, furfural, nitrobenzene, sulfur 
dioxide and dichlorodiethyl ether; of which 
phenol and furfural are most used. 
Phenol, furfural and nitrobenzene are all capable 
of producing raffinate of practically any desired 
quality from a given stock, but the relationship 
between yield obtained and solvent ratio required 
to produce a specified quality raffinate will vary 
somewhat between the three solvents. 


widely 


Sulphur dioxide was the first solvent to be used 
commercially to improve lubricating oils. It is 
extremely efficient in moving the lowest API 
gravity components, but where fractions of inter- 
mediate gravity must be removed to produce a 
rafinate of specified quality, excessive amounts of 
sulphur dioxide are required. This limited range 
of usefulness and high plant cost have practically 
restricted the use of sulfur dioxide to naphthenic 
type lubricating oils and non-viscous oils. While 
it is neither desirable nor easily possible to give 
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exact figures, it is commonly known that the re- 
fining capacity in existence in this country on 
December 7, 1941, for producing high quality 
hydrocarbon lubricating oils was very large. In 
fact, the opinion had been expressed many times 
during the previous several years that the oil in- 
dustry had overbuilt its needs for lubricating oil 
refining equipment. Certainly, it would appear 


Opposite, close-up view of the towers of a furfural solvent 
treating plant: Above, interior view of a large Clearosol process. 
These two methods of treating lubricating oils emancipated the 
oil industry from its dependence on a few limited sources of 


Effort 





cases. However, it soon became apparent that 
there was room for further improvements, espe- 
cially in engines designed to give extremely high 
peak power outputs and to operate continuously 
at comparatively high power outputs. 


With the best of the new oils wear still occurred 
in all engines. Also ringsticking, piston deposits, 


crude for the manufacture of high quality lubricating oils. 


that there is now either built or under construc- 
tion ample capacity for producing the lubricating 
oils required for our war effort. For civilian use, 
the poorer grade oils produced by other methods 
and equipment should prove adequate both as to 
quality and quantity for the duration. 


In developing the new refining processes re- 
viewed above, it had been hoped that the oils pro- 
duced by these new methods would permit the 
solution of practically all lubrication problems. 
The new oils did show outstanding improvements 
in many respects, particularly as regards oxida- 
tion stability and carbon formation which resulted 
in cleaner and better operating engines in most 


galling or scratching of rings and liners, oil ring 
plugging, bearing corrosion, etc., limited seriously 
the useful operating time between major over- 
hauls in Diesel and high output gasoline engines. 
After the confusion following the first blush of 
disappointment, some of the technologists who 
had been most active in developing the selvent 
treating processes quickly diverted their attention 
to the use of additives while the few investigators 
who had been pioneering the use of additives in 
lubricating oil for a number of years, redoubled 
their efforts in this comparatively unexplored 
field. The need for something better than the 
best straight mineral oil was most apparent in 
high output aircraft engines and in the efficient 
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Examination of pistons and engine parts from a small truck that was tested under identical conditions 


showing the excellent results achieved with compounded Diesel engine oil on the left and the highly 
unsatisfactory results obtained with straight mineral oil on the right. 





Diesel engines just beginning to be placed in the 


hands of the pubic as tractor power plant in- 
stallations. The Wright Aeronautical Cerpora- 
tion established standards of performance for 
lubricating oils to be used in their high output 
aircraft engines which apparently could be met 
only with a suitable base oil and a proper com- 
pound. At about the same time, the Caterpillar 
Tractor Company established standards of per- 
formance for Djesel engine lubricants which ap- 
parently could be met only by a suitable combi- 
nation of base stock and compounds. In neither 
instance, however, did the foregoing companies 
specify directly the use of compounded oils, but 
they established engine performance requirements 
for the lubricants which the oil technologists 
were able to meet only through the use of com- 


pounds. 


The adoption of “approved lists” of lubricants by 
these companies for their respective engines served 
to stimulate a program of research which has 
brought forth almost unbelievable improvements 
in lubricants designed especially for use in high 
output engines. Inasmuch as Diesel powered trac- 
tors offered a more profitable market from the 
standpoint of both volume and prices obtainable 
tor improved lubricants, the major portion of the 
effort on additives was directed toward improve 
ments in Diesel engine lubricating oils, and it 
has been in the field of Diesel engine lubrication 
that the most outstanding improvements have 
been made. As was to be expected, however, much 
of the information obtained in developing oils 


tor both aircraft and Diesel engines has been used 
to make improvements in the best grades of lubri- 
cants sold for ordinary passenger car use. 


The easiest way to classify the different additives 
now in commercial use is to group them accord- 
ing to their most desirable property or intended 
function, rather than to group them according to 
chemical composition. Aside from pour point de- 
pressants, V.1. improvers, etc., which affect prin- 
cipally some physical property of the oil, additives 
in use today can be placed in one or more of the 
following groups: A. Ojiliness agents, B. Deter- 
gents, C. Oxidation inhibitors, D. Bearing cor- 
rosion inhibitors, and E. Film strength agents. 


The principal function of oiliness agents is to 
reduce wear under normal operating conditions 
where seizing or galling is not a factor, although 
reduction in friction may also be accomplished by 
the addition of an oiliness agent. The tempera- 
ture or pressure at which galling or seizing maj 
take place is also usually affected favorably by 
the addition of the wear reducing agents. This 
class of additives appears to aid in establishing 
smoother working surfaces and simultaneously to 
protect the working surface of cylinder bores 
from the corrosive effects of the combustion gases. 
This frequently results in a materially improved 
relationship between ring faces and cylinder 
walls, whereby blowby past the top ring is re- 
duced and oil deterioration and contamination are 
likewise reduced. Through this latter action, ef- 
fective oiliness agents may contribute toward 


crankcase cleanliness and reduced sludging. The 
reduction in wear, however, is the most outstand- 
ing improvements afforded by this class of addi 
tives. In high output engines, the cylinder and 
ring wear has been known to be reduced by as 
much as 75 percent by the addition of the proper 
oiliness agent. 


Chemically, the oiliness agents in most common 
use today contain oxygen, but may also contain 
sulphur, chlorine or phosphorus. Esters of syn- 
thetic acids produced by catalytic oxidation of 
high molecular weight aliphatic hydrocarbons 
esters of fatty acids, esters of chlorinated fatty 
acids, esters of sulphurized unsaturated fatty 
acids, esters of phosphorus bearing acids and metal 
soaps or salts or high molecular weight acidic 
organic compounds are all found in oils now 
upon the market. 


The function of detergents added to crankcase 
oils is to improve engine cleanliness, and to pre- 
vent ring-sticking and the accumulation of lac- 
quer deposits. Detergents are sometimes errone- 
ously called “sludge solvents” and it, theretore. 
should be pointed out that the action of deter- 
gents in crankcase oils is to suspend or disperse 
the deposit forming materials in the body of the 
lubricating oil rather than to dissolve these im- 
purities. The beneficial effect of detergents in 
high output engines is easily demonstrated, and 
the first major step in improving lubricating oils 
for Diesel engine service was obtained through 
the introduction of detergents. The most power- 
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fyl detergents in use to date are all metal bearing 
compounds and consist of salts or soaps of acidic 
high molecular weight organic compounds; car- 
boxy lic acids, sulfonic acids, phenols, etc. While 
this ype of compound produces almost phenome- 
nal results in keeping engines clean and rings free 
when the oil is not used too long between drains, 
it was soon found that this type of compound 
actuslly accelerates oil oxidation through the 
catalytic effect of the metal constituent. The next 
step. therefore, was to develop oxidation inhibitors 
which would poison or offset this undesirable 


effec 


Oxidation inhibitors are designed to inhibit or 
retard the rate of deterioration of lubricating oil 
under the influence of heat and oxygen. It is ob- 
vious that any reduction in the deterioration of 
the base mineral oil during the useful period of 
life in the crankcase will contribute toward en- 
gine cleanliness. However, a principal function 
of oxidation inhibitors is to keep the formation 
of corrosive organic acids te a sufficiently low 
level to permit the use of copper-lead and cad- 
mium-silver bearings. Simultaneously the thick- 
ening rate and sludging tendency are favorably 
affected. The most successful oxidation inhibitors 
contain either sulphur, phosphorus or phenolic 
groups, or some combination of these. The sul- 
phur is usually present in the sulphide type of 
linkage, while the phosphorus should be in the 
trivalent state. For example, sulphonic groupings 
give comparatively little oxidation inhibition 
whereas sulphides are usually effective. Likewise, 
tricresylphosphate gives practically no oxidation 
inhibition but triphenylphosphite has been used 
extensively as an oxidation inhibitor. 


When bearing corrosion was first observed with 
copper-lead and cadmium-silver bearings in 1934 
and 1935, much effort was devoted to developing 
bearing corrosion inhibitors which would make 
the bearings passive or immune to attack from 
organic acids formed in the crankcase oil. In the 
last few years, however, the viewpoint has be- 
come fairly well accepted that the most success- 
ful way to prevent bearing corrosion is to prevent 
the formation of corrosive acids through the use 
ot oxidation inhibitors. As a further step toward 
reducing bearing corrosion some oils have been 
made alkaline in nature before they are placed in 
the engine. Alkalinity is secured through the use 
ot alkali-metal salts of extremely weak or non- 
corrosive acidic bodies. This type of metal com- 
pounds such as the calcium or barium salts of 
high molecular weight phenolic bodies presents 
a source of reserve alkalinity which exerts a neu- 
tralizing or buffering action against the stronger 
corrosive acids developing during use. In this 
respect, this type of metal compound can be con- 
sidered to represent a bearing corrosion inhibitor. 
Organic phosphites and certain sulphur com- 
Pounds appear to render cadmium-silver bearings 
less susceptible to corrosion by organic acids, but 
have little or no effect on the susceptibility of 
copper-lead bearings to attack by organic acids. 
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Above, copper lead bearings run on compounded Diesel engine oil; no corrosion, bear- 
ings in good condition. Compare with illustration directly below. 


Above, copper lead bearings showing evidence of corrosion after testing on straight 
mineral oil. These bearings were tested under same conditions and the same engine as 


those shown at top of page. 


Below, unsatisfactory results 
tests for load carrying ability 
engine lubricating oil. Piston 


rings and liners. 





Above, excellent load carrying 

ability of compounded engine oil 

tested under same conditions as 

piston shown at right. Comparative 

photos by courtesy of Caterpillar 
Tractor Company. 
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While compounding has revealed 
great improvement in load carrying 
ability and other performance char- 
acteristic, incorrect compounding is 
worse than none at all, At right is 
shown a special chemical plant in 
which complex compounding agents 
are made, At far right, three pis- 
tons, from left to right: failure of 
straight mineral oil; same oil as 
used in first test nlus suitable com- 
pound showing excellent results; 
the same oil as used in both 
previous tests plus unsuitable com- 
pound showing failure worse than 

with straight mineral. oil. 


The addition of film strength agents such as sul- 
phur phosphorus and chlorine in suitable com- 
pounds appears to decrease the tendency toward 
scratching, galling or seizing under adverse con- 
ditions of temperature and pressure, but it is 
seldom the practice to add a compound which 
furnishes only this feature. Many of the oiliness 
agents, detergents and oxidation inhibitors carry 
one of these ‘“‘anti-welding’” elements. There is 
much evidence to indicate that anti-welding 
agents may cause undesirable effects unless ac- 
companied by oiliness agents. 


The tendency for the rings and cylinder walls to 
become scratched, scuffed or galled (depending 
on the nomenclature preferred by the reader), 
increases greatly as the speed, temperature and 
b.m.e.p. of the engine are increased. Many engines 
have operated for years with negligible difficulty 
from scratching or galling of rings and cylinders, 
but when it has been attempted to draw more 
power from later models by increasing speed and 
b.m.e.p. which results in higher temperatures and 
pressures, the new engines have sometimes failed 
to the point of destruction through scratching or 
galling of ring faces and cylinder walls. The rate 
of wear when scratching or galling is absent 
is usually of the order of magnitude of half a 
thousandth to five thousandths of an inch in a five 
to six inch diameter cylinder per 1000 hours, de- 
pending on the lubricant and operating condi- 
tions, and the engine may run for many hundred 
or even several thousand hours with rates of 
wear within this range. Then for some reason of 
circumstances not always clear, the rings and 
cylinder wall start “scratching” each other, and 
in as little as 30 minutes of continued operation, 
radial ‘“‘wear” on the rings may amount to half or 
more of their radial width and the cylinder barrel 
may show an increase in diameter as much as 
150 thousandths of an inch. While this sword 
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of Damocles hangs over a high output engine all 
the time, it is perhaps most likely to cause dif- 
ficulty during the first hundred hours of opera- 
tion. 


It is incorrect to speak of such loss of metal from 
ring faces and cylinder walls as “wear.” The 
mechanism of this loss of metal is distinctly dif- 
ferent from that which accounts for the type of 
wear experienced the rest of the time. The latter 
type of wear is commonly believed to be due to 
mechanical abrasion or corrosion foilowed by 
abrasion; whereas the loss of metal and destruc- 
tion of the frictional surfaces when scratching or 
galling takes place is apparently due to welding 
effects. At points of greatest stress between rings 
and cylinder wall, actual or incipient welding oc- 
curs as the energy required to maintain motion 
becomes sufficiently great to raise the temper- 
ature of the metal at points of contact to the 
melting point. Instantly, as the stress is relieved 
by softening of the points of resistance, solidifica- 
tion takes place and the continued motion of the 
ring tears out the welded area. The scratched 
areas do not appear to be easily wetted by the 
lubricating oil and instead of the scratched area 
healing or polishing over, the scratched area of- 
ten spreads rapidly in all possible directions, i. e., 
both up and down and around the cylinder wall 
and ring faces. The rapid spreading of the area 
of destruction is undoubtedly accelerated by the 
particles of metal which are torn loose and which 
then travel up and down with the rings. It is 
easily seen how anti-welding agents in the lubri- 
cating oil might alleviate scratching difficulties. 

Other factors remaining the same, both the na- 
ture of the metal surfaces and the composition of 
the lubricant are important factors in the prob- 
ability of scratching occurring. In general, the 
tendency to scratch is increased as the hardness 


(tensile strength) and ductility of the liner sur- 
face material are increased. If the points of con- 


tact under excessive stress can crumble away be- 
fore sufficient energy is absorbed to cause sotten- 
ing, welding is not apt to occur. Hence, anti- 
scratching rings have been developed which carr 
deep grooves at right angles to the cylinder axis 
in the face contacting the cylinder. This ser- 
rated surface can relieve the stress more readily 
than can a smooth, continuous surface becaus 
of the less amount of energy required to plough 


out an accommodating furrow. Such rings might 
be expected to show higher rates of wear, but ex- 
cess wear, from a distress condition, would occu 
only at a time when complete destruction of the 
frictional surfaces would be experienced with 
smooth faced rings. Also the deep serrations or 
grooves carry additional lubricant to the places 
where most needed. As to be expected, much evi- 
dence indicates that too smooth finishing of the 
cylinder wall may aggravate the tendency tor : 


given engine to scratch. By studying the engine 





materials, surface finishes and lubricants, all in 
conjunction with each other, much progress has 
been made in avoiding disastrous failures trom 
scratching in service. Just as the Caterpillar 
Tractor Company was foremost in overcoming 
ring sticking by the use of detergent type | bri- 
cating oils, this company has also led the wa) in 
the effort to overcome failure from scratching. 
The Caterpillar Research Department has de- 
veloped a standardized engine test procedur: for 
lubricant load carrying ability which apparentls 
gives excellent correlation with field results on 
many types of engines with a wide variety ot 
lubricants. From a careful consideration of all 
observations available, it appears that as far 4 
the lubricating oil is concerned, both the mi eral 
oil and the additives present are important fac 
tors in the occurrence of scratching or galling. It 
therefore, seems in order to take maximun ad- 
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vantage of all protection available against scratch- 
ing in the selection of the mineral oil and addi- 
tives respectively. 


Where the mineral oil is to be improved in a 
number of respects by the addition of additives, 
it is often possible for the chemist to build into 
the organic compound the essential groups or 
structure required to furnish the different prop- 
erties desired. Many of the compounds in actual 
use have been synthesized on this basis and there- 
fore perform more than one function. A certain 
chemical compound widely used in Diesel engine 
lubricants is simultaneously an oiliness agent, de- 
tergent, oxidation inhibitor, corrosion inhibitor 
and film strength agent. To emphasize any one 
of these properties, additional specific compounds 
are added. Many of the compounds in use, of 
course, perform only one or two functions. Thus, 
it is seen that for the most severe service, the 
highest quality mineral lubricating oil from the 
standpoint of oxidation resistance and carbon for- 
mation should be selected, and additives should 
be incorporated to improve oiliness, detergency, 
oxidation resistance, bearing corrosion and film 
strength. All of the hundred or more brands of 
oil now on the approved list of a major Diesel 
engine manufacturer conform to this pattern. 
Another major Diesel engine manufacturer also 
recommends oils of this type. For less severe serv- 
ice, the amount of compounding can obviously be 
reduced, either by making a proportionate reduc- 
tion in all of the different types of compounds or 
in reducing only those agents which are needed 
the ‘east for the lighter service. Until recently, 
the :ully compounded type of oils represented by 
the «pproved Diesel engine lubricating oils were 
not -onsidered necessary for gasoline engines. 
However, with the heavy loadings being imposed 
upor. some commercial pieces of gasoline equip- 
men, it has been found that the use of the fully 
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compounded oils is well justified. Consequently 
there has been a marked tendency to speak of 
these oils developed especially for Diesel engines 
as “severe duty” or “heavy duty” oils, which 
omits any apparent limitation to Diesel engines. 
As a result of exhaustive tests, the Navy uses 
only the fully compounded type oils described 
above in Diesel engines, and the Army apparently 
will use this type oil in both gasoline and Diesel 
engines. 


Before concluding, it should be pointed out that 
while improvements approaching miracles have 
been made in some cases by the addition of com- 
pounds to lubricating oils, the indiscriminate use 
of additives may do more harm than good. Ad- 
ditives represent ‘‘medicine’’ and just as one 
would hesitate to give or take medicine for the 
human body without medical knowledge, so 
should one use caution in adding compounds to 
lubricating oils. Where success has been achieved 
in the use of additives, such success has been the 
result of a great deal of study and research on 
the part of those responsible for the prescription. 
As a result of the outstanding improvements ob- 
tained with a relatively few well-chosen com- 
pounds, many new “compounds” will be offered, 
and before either a new or old compound is ac- 
cepted, either thorough investigation should be 
made or expert opinion obtained, or both, as to 
the exact problem at hand. Certainly all com- 
pounds are not alike in their effects, and also all 
oils do not respond the same to the same com- 
pound. The accompanying photograph of three 


Below, under the impetus of war a huge fleet 
of planes for exacting service is being built 
with rigid specifications for lubricating oil. If 
the industry had to rely on selected crudes from 
limited sources it might be unable to meet the 
demand; fortunately the science of compound- 
ing lube oils properly to meet difficult condi- 
tions has enabled the industry to supply the 
demand from a large variety of crudes and in 
ample quantities. 


Diesel pistons illustrates how a suitable com- 


pound made a great improvement over the same 
oil without any compound, whereas an unsuit- 
able compound made the oil worse. 


A most urgent question yet to be answered gen- 
erally is ““‘How far should the refiner go in com- 
Should the 
Diesel type additive be incorporated in passenger 


pounding oils for everyday use?” 


car oils, and how heavy should be the dosage? 
Are there any disadvantages, aside from cost, re- 
sulting from the incorporation of the Diesel ad- 
ditives in passenger car oils which offset the ad- 
vantages? Can aircraft engine oils be improved 
further by adopting modifications of the Diesel 
compounds? Will passenger car operators and 
aircraft engine operators pay a premium for a 
greatly improved lubricating oil? These and 
other questions are now being studied in many 
quarters and only the future can tell what the 
answers will be. The answers to some may come 
before the war is over, but the answers to others 


may have to wait. 


In conclusion, it may be stated that the combined 
cooperation of engine builders, oil refiners and 
chemical manufacturers has led to the develop- 
ment over the past decade of lubricating oils of 
superior quality. Through the use of these new 
type oils, engines of exceptional performance will 
operate successfully against the enemy. This is 
truly a war of machines, and the nations with the 
best fuels and lubricants can build and operate 
the best machines. 
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THERMOFOR Provides Simple 


Process for Production of Petroleum 


War Products 


Based on Moveable Bed Catalyst, The TCC Process 


Produces Aviation Base Stock, Alkylate for 100 0. N. 


Gasoline, Butylenes for Synthetic Rubber and Toluene 


A NEW FORM of cracking process 


involving the principle of a moving catalyst bed 


catalytic 


has lately reached the stage of large-scale practice. 
It is called the Thermofor Catalytic Cracking 
(TCC) process, and was developed by the So- 
cony-Vacuum Oil Company, Inc. Engineering of 
new projects is in the hands of The Lummus 


Company and E. B. Badger & Sons Company. 


The origin of TCC goes back a number of years, 
when the Thermofor regenerating kiln was in- 
vented for solving the problem of continuously 
regenerating the spent decolorizing clay used for 


filtering lubricating oils and other petroleum 
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products. Previous to the invention of the Ther- 
mofor kiln, spent clay was being regenerated 
(and still is to a large extent at the present time) 
in various types of rotary drums and furnaces in 
which temperature control was difficult, with the 
result that burning was uneven and the useful 
life of the clay limited to a few cycles. 


The principle of the Thermofor regenerating 
kiln, which now forms an integral part of the 
Thermofor Catalytic Cracking Process is to al- 
low the spent clay to pass by gravity flow from 
the top to the bottom of a vertical shell against 


a rising column of air, which burns off the car- 
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pon deposit on the clay particles. The interior 
of the vertical shell is furnished with a number 
of perpendicular steel tubes through which cir- 
culate: a stream of molten salt as a heat transfer 
medius. Normally, the carbon on the clay fur- 
nishes enough heat for the combustion and the 
molte:) salt then has the function of keeping the 
temperature within bounds. This assures that the 
clay wll be regenerated at the right temperature, 
and with so little loss of decolorizing power that 
no more than two percent make-up of fresh clay 
is neeied to maintain its efficiency at a high level. 
The general arrangement of a Thermofor clay 
regencrating kiln is shown at the top of the fol- 
lowing page. To date, these kilns have been in- 
stalled in refineries in Olean, Paulsboro, Beau- 
mont, Buffalo, Brooklyn, and India. 


During the period of its development the Ther- 
nofor clay regenerating kiln underwent a num- 
ber of modifications. In its final form the down- 
ward flow of the clay is uniform, attrition is re- 


duced to a minimum (less than one percent of 
dust) and the temperature is regulated to a 


{t,a Thermofor clay regenerating kiln from which 

s developed the Thermofor Catalytic Cracking 

wess that may contribute to the rubber program 

ough the production of butadiene: Below, a 500 
bbl. per day pilot plant of the TCC process. 


nicety. To extend this principle of continuous 
counter-current clay regeneration to the opera- 
tion of a moving catalyst bed was a relatively 
short step. The thermofor kiln had shown how 
easy it was to let an ascending current of a 
gaseous substance (in this case air) act counter- 
currently on a descending stream of a granular 
solid. Take a Thermofor clay kiln, substitute 
tor the spent decolorizing clay a granular crack- 
ing catalyst and let this catalyst descend against 
a rising stream of vaporized gas oil, and you have 
a continuous catalytic cracking process with a 
moving catalyst bed. The cracked petroleum 
products pass out at the top, and the spent cat- 
alyst issues from the bottom, from whence it may 
be taken to another Thermofor kiln for burning 
off the carbon deposit and returned to the column 
of moving catalyst. 


The TCC process works on gas oils from light 


selected stocks to wide cut, very high end point 
stocks that will vaporize at slightly below the re- 
action temperature. The overall objective is to 


produce a maximum vield of high quality gasoline 


and a minimum yield of lighter gaseous product 
and carbon. The layout of a TCC plant may be 
gathered from the very generalized diagram 
shown on p. 86, which may be taken to represent 
an installation rated at 20,000 bbl. per calendar 
day. An initial charge of a reduced crude is pre- 
heated by heat exchange and mixed with recycle 
gas oil from the bubble tower. The mixture 
passes through one side of a fired furnace where 
its temperature is suitably raised and from 
whence it is vaporized in a flash chamber. The 
overhead from the tar separator is superheated in 
the other side of the fired furnace and passed in 
vaporous form into the bottom of a Thermofor 
catalytic reaction tower having a capacity of 10,- 
000 bbl. per calendar day (in this plant there 
are two such towers). In the reaction tower the 
vapors rise against a descending column of clay 
cracking catalyst. The cracked vapors go to a 
fractionator where the gasoline is conventionally 
stabilized at 400 deg. F 


a side stream is taken which meets specifications 


. end point. In addition, 


for No. 2 Fuel without further treatment. The 
bottoms from the fractionator are recycled to the 


catalyst case. 


In the meantime, the spent catalyst that flows 
from the reaction tower is taken to a Thermofor 
regenerating kiln, where the carbon deposited on 
the grains of catalyst is burned off. Here the 
burning temperature is under full control by 
means of a circulating stream of a heat transfer 
medium, which absorbs superfluous heat and is 
converted into much useful stream; the regener 
ated catalyst is returned to the feed hopper above 
the catalyst case. The make-up of fresh catalyst 
per bbl. of total feed charge is very small and it 
is never necessary to replace the entire charge of 
catalyst. The small amount of clay fines from 
the Thermofo: regenerator ma\ be used for per- 
colation or reworked for catalyst. The operating 
personnel per shift consists of one fireman, one 
operator in charge of the distilling equipment, 
one man in the control room, and one general 


utility man. 


This TCC process appears well adapted to fill 
the present need for a relatively inexpensive and 
simple process for obtaining first class aviation 
base stock, alkylate for 100 octane number vas 
oline, butylenes for artificial rubber, and nitra 
tion-grade toluene for high explos ves. It has 
passed the pilot plant stage and semi-commercial 
scale of operations since early in 1941, and at 
least one unit for treating 20,000 bbl. of distil 
late per calendar day is under construction at 
a cost of about $2,400,000 or approximately 


$120. per bbl. of rated daily capacity. 


An important consideration in the present con- 
juncture is that erection of a TCC plant makes 
relatively moderate demands for critical mate 
rials. Engineering specifications call chiefly for 
simple structural forms, light steel plate of Cal 
bon steel, gray iron castings and other fittings, 
and readily available low chrome and non- 


ferrous alloy tubing. Only the tubes and inter- 
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Safe removal of heat 
exchanger tubes... 





Information supplied by “World Petroleum” 


Rapid and reliable heat transfer in a refinery depends 
upon the condition of the thousands of small tubes 
within the heat exchangers which are the heart of the 
plant. Scale, films, wax and carbon clog the passages 
on the shell side as well as the tube side thus reducing 
heat transfer and causing pressure drop. 

Periodic cleaning is essential. In removing and 
cleaning care is necessary to avoid misalignment, 
strain and injury to the thin metal tubes. Here are two 
methods to withdraw the tube bundle from the shell: 
1 — Steel rods or cables passed through several tubes 
and fastened to the floating tube sheet at the opposite 
end thus placing the load on the sheet and permitting 
removal of the bundle without damage. 2 — Boards 
placed on the lower half of the bundle after it has been 


partially withdrawn from the shell; the boards to be 
extended lengthwise parallel to the tubes then slings 
passed around the bundle so that the weight is sup- 
ported on the baffles or support plates which rest 
on the boards. 

A forged steel eye bolt screwed into the fixed tube 
sheet facilitates pulling and lifting. 

It is important that the dead weight of the bundle 
should never fall on individual tubes. It should be 
carried on the tube sheets, support plates or on wood 
blocks shaped to fit the periphery of the bundle. 

Care in these details of handling during cleaning 
and inspection will insure a correct fit in replacing 
bundles and avoid the replacement of tubes which 


wastes both time and valuable material. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS, 


MOLYBDIC OXIDE—BRIQUETTED OR CANNED 


FERROMOLYBDENUM + “CALCIUM MOLYBDATE“ 
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CHIKSAN 


for 


EXPANSION JOINTS 


Save PIPE and space by us- 
ing CHIKSAN  Ball-Bearing Swing 
Joints on all lines which require provi- 
sion for expansion. Illustration above 
shows a typical installation. Just one 
of many applications of CHIKSAN 
Swing Joints in Refinery operations. 


FOR HIGH AND LOW PRESSURE 
HIGH AND LOW TEMPERATURES 


Over 500 different Types, Styles and 
Sizes for every purpose. Supplied with 
threaded or flanged ends or bored for 
welding. Various styles and types for 
pressures to 3000 Ibs. 
and temperatures to 
700°F. From 36” to 
12” pipe sizes, Full 
360° rotation in 1, 2 
and 3 planes, turning 
on double rows of 
steel balls. Special 
packing sets for hand- 
ling liquids, gases and 
vapors injurious to cer- 
tain rubber and syn- 
thetic compounds. 


NOTHING TO TIGHTEN 
OR ADJUST 


No packing glands to keep tight—no 
sticking or binding. Pack-off is so 
effective that CHIKSAN Swing Joints 
can be used for both suction or pres- 
sure lines. Special joints for under 
water service. 
WRITE FOR LATEST CHIKSAN CATALOG 

EXPORT OFFICE: 50 Church St., New York, N. Y. 


Chikswht TOOL COMPAR 








Style 10 
For temperatures 
to 700°, pres- 
sures to 500 Ibs. 


tia 


<4, BALL BEARING SWING JOINTS 


for ALL PURPOSES 


BREA, CALIFORNIA 


ALL-STEEL ROTARY HOSE 
CIRCULATING HEADS - MUD GUNS 








THERMAL CRACKING FACILITIES 


(Continued from page 77) 


Type Unit 


High Press. 


Daily Cap. Cracking 


Gyro: Same without any changes necessary. 
De Flroez: Change operating pressure from 100 
Ibs. to 15. 


The pressure of the high pressure units cited 
above was 350-500 Ibs. before converting, and 
the capacity is that before converting. In other 
words the capacity of a high pressure unit after 
conversion is the same amount of fresh feed it 
charged before conversion. The additional gas 
plant equipment has to be supplied, of course, 
and no recycle above 1-1 is used if naphtha is 
charged. 


If a Gyro unit charges, under normal operation 
of 1080°F temperature, 6000 bbls. of reduced 
crude oil per day, it can be operated at 1225°F 
and produce at least three times the amount of 
butadiene that will be made when operating on 
reduced crude at 1150°F. The increase in tem- 
perature produces more of the C, material and 
the concentration of the butadiene is raised to 
30 percent as compared with a concentration of 
14 percent with the operation conducted at 
1150°F. The Gyro with a daily capacity of 6000 
bbl. of reduced crude when operated at 1225°F. 
will produce annually about 9000-10,000 tons of 
butadiene and at the same time will produce about 
8000-9000 tons of isobutylene and some 3000 
tons of butylene (normal). 


We have in this country several hundred thermal 
units of the Cross and Dubbs types. Theoreti- 
cally, about half of them are not in useful pro- 
duction if our national gasoline consumption is 
down 50 percent as compared with normal times. 
Several of these units are down because they have 
been replaced by the catalytic units of the Hou- 
dry type, and they will never go back into oper- 
ation for the normal production of gasoline for 
motor cars. The art has changed so rapidly that 
they are out of date for the purpose. It is our 
best bet for economy to operate on units of this 
type, for the pressures of the new operation will 
be lowered, thus making their operation safe as 
compared with their operation at several hun- 
dred pounds pressure. The steel and instruments, 
valves, tanks, personnel to operate, etc., are all 


there and ready for conversion and use. 


The daily capacity (charge to cracking coils) of 
the U. S. A. is estimated to be around 3,000,000 
bbls. per day. If we assume that it is all high- 
pressure (for sake of easy computation) there is 
at least 1,000,000 bbls. per day of idle capacity. 
With conversion of these units the easy and mild 
way—to operate at the mildly increased temper- 
ature of 1150° F. instead of at 1225°-1400° F. 
—we can safely assume that the capacity to crack 
will be the same number of barrels of fresh feed. 
This is 1,000,000 bbls. per day. The yields of 


C,He yr. Tons Iso-C,H. yr. Tons 
5000 bbls. 3000 





Converted to operate at 
Temp. Deg. F 
4000 1150 F 





butadiene will be approximately 600,00\\ tons, 
and 800,000 tons of isobutylene, which i more 
rubber making material than will be needed by 
30 percent, according to the published fig: res, . 


Recent studies have indicated that the con ersijon 
of high pressure cracking units can be :ccom. 
plished in six to eight months time if the proper 
priority ratings on the repair material is given 
by Washington. Compare with this the estimated 
18-21 months, as estimated last spring when the 
catalytic plants were planned and signed up. 


Recently there have been rumors to the effect 
that one company has perfected bath tub rubber, 
The rumor is to the effect that isobutylene can 
be run to a bath tub in the presence of a catalyst, 
and the scum which comes off the surface (such 
as cream would come from settled milk,) after 
a squeeze or two to remove reagents vill vield 
Flexon, a rubber which is going into the manu- 
facture of rubber products at the present time. Ii 
this is true we need to convert only 500,000 bbl. 
of our estimated cracking capacity to high tem- 
perature operation for the production of buta- 
diene and butylene. There will be obtained as a 
by-product, at the same time, an amount of aro- 
matics amounting to half the estimated annual 
requirements for aviation blending, if the oper: 
ation is carried on at the 1150° F. temperature, 
or an amount equal to the total requirements if 
the thermal units are converted to run on naph- 
tha and at the maximum temperature of 1350°- 
1400° F. 


ber raw materials and the aviation “‘must’’ aro- 


In other words, we can secure the rub- 


matics, amounting to some 1,500,000 tons per 
year, from the conversion of existing cracking 
equipment, and it can be done in time for this 
war, not the next one. 


Since it is a fact not appreciated by most people 
that the Soviet Union has probably pioneered 
synthetic rubber on a greater scale than any other 
nation, we may well profit by studying their pub- 
lished results as an aid to our guidance. It is be- 
lieved that the work of S. V. Lebedev through 
the years 1928 to 1935 is a classic on the subject. 
These data of Lebedev have been checked in 
many cases by the writer and found to be ver) 
reliable. Mention should be made of Lebedev’s 
work on the analysis of butadiene fractions, com- 
paring the bromination method with the mizleic 
anhydride method. This work has pointed the 
way for us, and has saved valuable time. The 
author’s work on thermal “means” for the pro- 
duction of butadiene has been checked and fo ind 
to be very accurate both as to his temperatures 
and his time of reaction. His pioneering work 
on the necessity for having a relatively lirge 


amount of inert gas or steam present if maximum 


(Continued on page °2) 
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(Continued from page 88) 


yields of butadiene are to be obtained is worthy 
of special note. His work has also been known 
in the field of ethyl alcohol decomposition for 
the production of butadiene in connection with 
Buna rubber. It is established that alcohol was 
the first raw material used to produce butadiene 
for rubber on a commercial scale both in Russia 
and Germany, the scenes of the greatest amount 
of synthetic rubber so far produced in the world. 


Some particularly interesting data are published 
by B. V. Buizov (Journal of Applied Chemistry, 
USSR, 6, 1074-92, 1933) on the conditions 
necessary for the production of butadiene by 
vapor phase cracking of petroleum. The author's 
principal contribution in this work is exemplified 
by the following quoted material: “The prin- 
ciple which we used as the basis of the experi- 


ments consists in a heat decomposition of liquid 


@ With the very rare exception of 
fires originating inside the tank—a 
tight tank is safe against fire if it is 
properly equipped with an Oceco 
Flame Arrestor. 

Oceco Flame <Arrestors are ap- 


proved by Underwriters’ Labora- 
tories, Inc. They are protecting 
more than 350,000,000 bbls. of tank- 
age (about 4 times the total average 
gasoline stocks of this country) 

and have a perfect service record. 
No tight tank equipped to Oceco 
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Why Have TANK FIRES? 


petroleum products at elevated temperatures and 
under a vacuum so as to cause an evaporation of 
these liquid products in the lower temperature 
zone, while the vapors are then decomposed to 
simpler hydrocarbons. Here it is important to 
avoid the decomposition of the formed butadiene 
and even its further condensation. It was there- 
fore necessary to establish such conditions of tem- 
perature, speed of the passage of the decomposing 
vapors through the hot zone, and a vacuum which 
would correspond with the highest yield of buta- 
diene. In practice this is realized by an adjust- 
ment of temperature and the volume of the re- 
tort with the speed of feeding the petroleum prod- 
uct which is to be decomposed, establishment of 
a vacuum, and a most rapid cooling of the gases 
passing from the hot retort. The last operation 
is called “tempering.” (Note: The translation 
should be “quenching” in our terminology. ) 
Thus the important points of the method are, in 
succession: Evaporation of the original material, 





specification, even though located in 
the middle of a blazing tank farm, 
has ever been lost by fire. 

The cost of Oceco Flame Arres- 
tors is very small in proportion to 
the investment they protect. They 
reduce fire insurance—minimize the 
dangers of sabotage—and are indis- 
pensable to companies that carry 
their own insurance. Make your 
tanks fire safe and gas tight by using 
Oceco fittings throughout. Fully de- 
scriptive literature sent on request. 


OCECO 
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THE JOHNSTON AND JENNINGS COMPANY 


CLEVELAND, OHIO 
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its pyrolysis in vacuo, and “tempering” the prod. 
ucts of pyrolysis. The further stages of the proc. 
ess consist in the purification of the gaseous by. 
tadiene, followed by its polymerization to rubber, 
The author then concludes, “the preliminary 
laboratory experiments were carried out with 
gasoline in a small furnace. This furnace con. 
tained an iron tube 2 cms. in diameter. Table | 
gives the summary of the results, showing the 
amount of decomposed gasoline and the main 
products obtained from varying conditions (the 
pressure was close to normal and a vacuum was 


” 
. 


not used ) 


‘““Table 1 shows that the above factors must exist: 
i.e. the highest velocity of feed and temperature, 
The amount of butadiene which is then formed, 
as evidenced in the recently conducted experi- 
ments in the plant “Neftgas” lies within the 
range obtainable in the usual vapor phase crack- 
ing.” 


“The average yield of butadiene was about 27 
percent on the original kerosene and on crude oil 
it was 4.0 percent.” 


The author goes on to say that he obtained 4s 
high as 8 to 9 percent of butadiene from the high- 
temperature short-time cracking of gasoline. No 
vacuum was used in these experiments but he 
says “the yields were higher when a vacuum was 
used.” He stated that the best temperature for 
maximum yields of butadiene was 780° C., which 
corresponds to 1436° F. He also states that he 
obtained as high as 17 to 18 percent of butadiene 
when using these conditions. The author took 
out a patent (in Russia) covering the pyrogenic 
decomposition of crude oil and its products with 
the use of two operations: (1) the vapors of 
crude oil fractions or residuum are first heated 


‘to 300-400° C., passed through a very short path 


where the temperature is maintained at 700-800 
C. (2) the gases obtained after the heating to 
700-800° C. are immediately expanded and ex 
posed to contact with cooling surfaces. All these 
operations must be carried out under vacuum oF 
in the presence of inert gases. (Note: The Cooke 
process maintained the conditions mentioned sev- 
eral years prior to this work.) 


On page 1077 of the reference the author sug- 
gests that “However, in combining the prepara 
tion of rubber with that of other products also 
valuable for the industry, their amount should be 
adjusted in accordance with the purpose.” He 
was talking about making the maximum amount 
of butadiene if a plant was to be installed. and 
then qualified his remarks as stated above. 


The author points out that the maleic anhy«ride 
method of determining the percentage of but@ 
diene in a fraction is a great advance ove: the 
bromination method and is more accurate. 


It will be noted that these investigators appre 
ciated the effects of short time and a temper. ture 


(Continued on page 96) 
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(Continued from page 92) 

of 1400-1440° F. for the maximum yield of bu- 
tadiene. The short time was attained by the use 
of vacuum on stocks heavier than gasoline and 
this vacuum is the equivalent of steam, etc. 


In an article published by B. V. Buizov (7. A. €... 
USSR, 6, 1074-1080) the author gives some very 


useful information on the purification of buta- 
diene. 


“Since almost all of the butadiene separates into 
the gas fraction it is only necessary to work on 
the gas fraction.”’ 


The author’s methods for the separation of the 
butadiene were not perfected at the time this 
article was published. He did give some results 
ot partial condensation of the butadiene fraction. 
The results were superior to the suggested 
method of absorbing the butadiene in kerosene or 
in water and then boiling out the butadiene in a 







, ESSENTIAL 
SEQUIPMENT 


The author makes the 
remark that the bubble tower system needs over- 


fractionation operation. 


hauling as well as the whole rectifying system. 
(Note: Later articles showed this to be the main 
trouble with recovery yields.) He states that the 
concentration of butadiene was between 55 and 
60 percent and this was known as technical bu- 
tadiene and was later purified. Our work 
America has really been started at this point, for 
we have worked out methods of selective solvents 
and azeotropic distillation methods on the 55-69 
percent concentrate of butadiene, and this seems 
perfectly satisfactory. There are several proc- 
esses available in America but the WPB are anx- 
ious to have these processes used which will take 
the least critical materials for the operation. This 
is sound judgment. 


The author points out that care should be ex- 
ercised in the use of temperature in the recovery 
of butadiene, for it will unite with other com- 


pounds present and cause losses of butadiene. 





\ AIRETOOL TUBE EXPANDERS 


With oil retinery technology demanding higher temperatures and 
\ pressures, it is imperative that all joints be properly rolled. Airetool 
‘ Tube Expanders are designed specifically for heavy wall tube rolling 


as found in refineries. 


— 


An important feature that is available is the 
i" ironing out attachment with micrometer adjustment. 
flare can be set quickly at any calculated point. 


Depth of roll and 
When this point is 


reached, forward motion is stopped and continued rotation irons out 
ridges eliminating erosion points. 

Airetool Tube Expanders are easily operated. Their simple, sturdy 
construction insures longer life than any similar tool. 
















FLYCUTTER AND COMBINATION 
BORING AND CUT-OFF TOOL 


Valuable for machining end of tuke after rolling; 
for grooving header for seal or strength weld; and 
for removing a tube without burning it out. Fly- 
cutter can be adjusted to exact position required by 
simply loosening screws in the set collar held in 
position by the housing. No loose spacing collars. 
A form of this tool may be used to advantage to 
remachine header, bore out tube ends or serrations 
on the job without removing header from furnace. 


TUBE CLEANERS AND OTHER REFINERY SPECIALTIES 


MANUFACTURING CO. 


8 SHUEY BLDG. 
SPRINGFIELD, OHIO 





The author gives some particularly helpful data 
from page 1082 to 1092 on the subject of mak. 
ing rubber from the butadiene and these data are 
shown in terms we understand in this country, 
For instance, the Podbielniak method was :odi- 
fied and used in gas analysis along with the ma- 
leic anhydride method, the latter being a method 
The data o: the 


effect of impurities, and their effects on the poly- 


which is used internationally. 


merization speed of the rubber-making cyc'« are 
This latter discussio: in- 
cludes the assertion that the presence of \ inyl 
This statemen: has 
data to back it up in this country: in fact the 
acetylenes must be removed from butadiene jown 


particularly helpful. 


acetylene is very injurious. 


to microscopic quantities if quick and sat: .tac- 
tory polymerization is to be had. 


A wide discussion is given on the subject o/ ac- 
celerators. The article indicates that the work- 
ers in USSR started out with such impure inter- 
mediate materials that the time of polymerizing 
to rubber was a matter of months at first, and 
This is of in- 
terest, for a very good “case history” of the effects 
of impurities was thus built up. These data are 
of the greatest interest for those contemplating 
the study of the manufacture and sale of the in- 
termediates for rubber, and for those who are 
charged with the responsibility of making the rub- 
ber from such intermediates. It is known that the 
USSR started out with metallic sodium as the 
polymerizing reagent, and found that there were 
other compounds with superior qualities later on. 


was gradually reduced to hours. 


Some helpful data are given on the subject of re- 
action vessels and their materials of construction. 
Iron was found to be particularly bad and was 
replaced by stainless steel. This h 
experience of some of our investigators in Amer- 


as also been the 


ica. Most technicians prefer stainless steel for 
the work. 


This Russian author concludes from the data 
that the pyrolysis of petroleum has opened up new 
frontiers for the country as a source of many 
Attention is directed to the 
large percentage of ethylene in the pyrolysis gases 
remaining after the removal of the butadiene. It 


needed chemicals. 


amounts to as much as 43 percent, and as this 
material is one of the most desirable olefines for 
chemical synthesis, it is certain to be extracted as 
an intermediate material to be used in chemical 
synthesis. In fact, the author suggests that rub- 
ber become the by-product of the pyrolysis of pe- 
troleum, and not the main product sought. He 
ends his article by pointing out that, “There are 
other products, in addition to the butadiene, 
which, after a necessary conversion into a more 
valuable raw material, will give an inducem-nt 
for a new direction to the technology of the or- 
ganic compounds of the fatty acid series, s b- 
stituting the existing vegetable and animal :.w 
materials.” 


_ 


In view of the Russian published data it is of 


(Continued on page 938) 
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, sub Square, MONTREAL, Canada. necessary to avoid waste by using the thinnest jointing which will 
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interest to turn to the results obtained in our 
own country by use of vapor phase cracking, par- 
ticularly by the Gyro, True Vapor Phase, and 
Cooke processes. 


The Gyro Vapor Phase process for the produc- 
tion of high octane gasoline was installed by the 
Pure Oil Company, Carbide and Carbon Cor- 
poration, and others about 15 years ago. Consid- 
erable resistance was met by the sponsors of the 
process because it made an excessive amount of 
gas as compared with Cross, Dubbs and other 
liquid-phase units of the day. The production of 
this relatively large percentage of gases, for which 
there was no good and profitable market at the 
time, made it doubtful if Gyro would succeed. 
The Pure Oil Company, in particular, should be 
given the greatest credit for putting in capital 
and plants for this was pioneer work, which 


 . 


STOCKTON-ON-TEES 










brought forth profits at a later date. The indus- 
try benefited from this work. Before the with- 
drawal of Gyro, the Gyro and Pure Oil Com- 
panies, along with Alco Products, had obtained 
very valuable basic data which is now so impor- 
tant to our war needs. This data showed the 
way, when the day came, to increase our output 
of aromatics, and still not have to build impos- 
sible numbers of coal coking ovens for the pro- 
duction of increased quantities of toluol, benzol, 
and other aromatics, 


The work of Pure Oil, Gyro and Alco Products 
was carried on from 1927-1939. The Pure-Alco- 
Gyro group built plants in Europe to make ben- 
zol, toluol and other aromatics from butane, a 
then waste material in both Iran and in America. 
Aromatics were produced in quantity in the plants 
of the Pure Oil Company in America, and the 
production of butadiene was going on in Okla- 
homa. This advance work went by the wayside 
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when Gyro plants stopped working for reasons 
more or less well known in the industry. The 
only Gyro plants which were kept in operation 
were the two at Shreveport, La., (belonging to 
independents) and those of the Carbide ard Car. 
bon Corporation, at Charlestown, W. Va. This 
company was established in the chemicals-from. 
petroleum business and continued to operate the 
plants of Gyro continuously to date. The plant 
in Iran was and probably is one of the best plants 
for the English to obtain aromatics for their 
Near East operations. 


Great interest is now centered in the production 
of the side chain aromatics for the purpose of 
adding them to aviation blend stocks to give the 
aviation fuel the needed rich-mixture pul! char- 
acteristics. The production of this material has 
been going on in polymerization plants for years 
but there was no interest in isolating it. The 
Ipatieff process (now Universal Oil Products 
process) of polymerizing gases by means of phos- 
phoric acids has been known for a long time, and 
has been operated on a commercial scale since 
1934 or 1935. The selective method has been 
used to produce dimer diisobutylene, or isooctene, 
as a raw material for hydrogenation to 100 oc- 
tane aviation gasoline. This process involves the 
use of butylenes to produce the dimers and the 
trimers which will hydrogenate to aviation fuels. 
The same process, when operated on gases con- 
taining benzol, produces the union of the alkyl 
compounds, propylenes and ethylenes with the 
aromatic to give the side chain aromatics, ethyl 
benzenes and isopropyl-benzenes. The ethy! ben- 
zene is the best raw or intermediate material for 
the production of styrene, the second component 
of Buna S rubber. 
hydrogenate it for the production of styrene with 
a fine yield. 


It is only necessary to de- 


In the Gyro vapor phase system of cracking these 
materials were formed in the system and they 
were in the finished gasoline automatically, and 
this accounted for some of the superior charac- 
teristics of the vapor phase gasoline over the 
liquid phase product. The systems of TVP and 
of Cooke are also known to produce large quan- 
tities of the side chain aromatics. These systems 
form relatively large amounts of these materials 
because the hot carrier gas is controlled, as to 
composition, at the fractionating plant to give 
the necessary alkyl compounds, such as propylene 
and ethylene, so that the aromatic benzol is con- 
tacted as soon as it is formed in situ. 


The Pure Oil-Gyro system of thermal poly: 
merization was outlined at Los Angeles in 1935 
at the meeting of the American Petroleun 
stitute, by M. B. Cooke. The system of Cooke 
was outlined at oil company meetings in the \Iid- 
continent in 1936-37. The products made }y 
these processes were discussed by M. B. Cooke 
at Paris, France, before the Second Internat onal 
Petroleum Congress, in 1937, in a paper “Or 
ganic Chemicals from Petroleum and Natural 
Gas.” 
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WORLD PETROLEUM ABSTRACTS 


Summaries of the Mest Important Articles as Published in the Oil 


Press of the World Dealing with Technical and Economie Aspects of 


the Petroleum Industry — Edited by Dr. 0. W. Willcox. 


DRILLING 


Trends in Rotary Drilling Machinery and Equip- 
ment—John M. Shimer, before Ist Annual Meet- 
ing AMERICAN ASSOC. OILWHEEL DRILLING CONTRAC- 
rors, Dallas, November, 1941. 


Aside from numerous small but cumulatively im- 
pressive improvements in pumps, especially mud 
pumps, engines, hoists, swivels, bearings, etc., prob- 
ably the most outstanding improvement in rotary 
rigs in the past few years is the independent drive 
to the rotary table in which a separate prime mover 
is used instead of the hoisting engine. 


There are several outstanding advantages in this 
type of rotary table drive which are (1) adaptabil- 
ity to higher table speeds; (2) reduced wear and 
tear on the hoisting engine; (3) possibility of drill- 
ing up through cavings; (4) more sensitive control 
of the speed and feed; (5) reduced noise on the 
derrick floor and (6) the rotary table driving en- 
gine is usually arranged to serve as a standby 
hoisting engine for emergency use. 


Rotary table speeds of 500 R.P.M. and higher 
are uncommon in the Mid-continent area but are 
used quite generally in the deep wells in California. 
This type of service is very severe especially when 
taking into consideration that the horsepower re- 
quirements usually are calculated to be one horse- 
power per revolution per minute or 500 horse- 
power at 500 R.P.M. The modern rotary table 
represents probably the greatest advance in drilling 
machinery design. Having anti-friction bearings 
throughout, spiral bevel, accurately cut surface 
hardened gearing and complete oilbath lubrication, 
it performs the most difficult job on the rig with 
a minimum of maintenance cost. It is not incon- 
ceivable that before long, table speeds of 1000 
R.P.M. may become quite common. It happens 
that at this time the maximum permissible speed 
is probably limited by the drill pipe and bits. 


Driving the rotary table with a separate engine 
adds a small amount to the first cost of the rig 
but this is soon paid for out of savings in oper- 
ating expense. Using a 2000 horsepower hoisting 
engine, operating at high speed to drive a rotary 
table which on the average requires less than 500 
horsepower during all the time the bit is on bot- 


NEWMAN-MILLIKEN 


VALVES 


FOR REFINERY SERVICES 


Newman-Milliken lubricated ong ewes are used on 

hey never leak or 
jam and will solve your corrosion and abrasion 
A Newman-Milliken Valve is one of the 
simplest made having only eight parts including a 
cylindrical plug, consequently all parts are inter- 
changeable and there is no gland packing or gaskets 
to renew from time to time causing a breakdown of 
You can fit these valves and be sure of 
trouble-free service well beyond the life of the 


the severest refinery services. 


problems. 


the line. 


ordinary type of valve. 


* 


all times. 


but full 





factured. 


This sectioned illustra- 
tion of a flanged New- 
man - Milliken 
shows the cylindrical 
plug and lubricant ducts 
which seal the valve 
against leakage and en- 
sure easy operation at 
A rectangu- 
lar port valve is shown, 
round port 
valves are also manu- 
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tom, obviously causes undue wear and tear of the 
large engine and of the chain drives, which like. 
wise are operating at excessive speeds. No . 


ngine 
is efficient at quarter load and there is, therefore, g 
considerable power loss and excess fuel consump. 
tion. 
It is especially emphasized that a separate cngine 


for turning the rotary table makes possible the tak- 
ing of an upward strain on the drill pipe with the 
hoisting engine while rotating, and thereby drilling 
up through cavings which may have fallen in «boye 
the bit and which might otherwise cause a stuck 
drill pipe and a fishing job. Likewise the break- 
ing out of the drill pipe while coming out o: the 
hole is facilitated since there is no rotary clutch 
to operate. 


PIPE LINES 


Crude Oil and Gasoline Pipe Lines in the United 
States on May 1, 1941—G. R. Hopkins and F. §, 
Lott in BUREAU OF MINES INFORMATION CIRCULAR 
No. 7196 (December, 1941). 


As of the date of this publication the crude pe- 
troleum pipe lines of this country had a total 
length of 118,350 miles. The total length of gaso- 
line pipe lines was 9,001 miles, excluding several 
hundred miles under construction. The average 
diameter of all crude-oil pipe lines is 8.4 inches; 
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S 
omething is missing... 
LMOST a scene of rural peace, awaiting comple- 
tion by someone down at the Council Offices 
As well as Road Tanks who will dig from under the rods, poles or 
i ee > to perches the familiar sign for that mute signpost at 
in normal times) large h ii F | : 
UNDERGROUND ~ STOR. the — telling us in black and white how 
AGE TANKS, in Mild many miles it is to where. 
Steel of specially low 
phosphorus content, for At about the same time milestones will lose 
— of Oil and their non-committal stare and, as roads and loads 
— are kindred subjects, we at Butterfields will be able 
to talk Road Transport Tank deliveries. Meanwhile, 
where these sturdy Tanks are already in use they 
will continue to give operators reliable and economi- 
cal service under all conditions. 
W. P. BUTTERFIELD, LTD., Head Office :- 
SHIPLEY, YORKS., ENGLAND. ‘Phone : Shipley 85! (5 lines) 
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74 percent of all these lines is 8 inches or larger. 
The mileage of crude-oil lines of 4 inches diameter 
or smaller is decreasing. Gathering lines total 
53,170 miles. Gasoline lines vary in diameter from 
2 to 12 inches; the weighted average is 7 inches. 
The trunk line fill, or amount of crude oil in transit 
through the pipe system is figured at 23,448,000 
bbl. Trunk line facilities increased in most states 
since 1936; the mileage in Oklahoma has decreased 
rather sharply since 1931, and small reductions 
are noted in Arkansas, North Louisiana, New 
Jersey and Pennsylvania. Gathering lines of neces- 
sity increased in areas under active development 
and declined in areas of settled productions. 


‘The authors summarize technical developments in 
pipe line operations in recent years. Aerial sur- 
veys for location of long lines are standard prac- 
tice. Time and cost of construction have been de- 
creased by’ using welding instead of couplings for 
joining pipe lengths, 40 foot for “double” lengths, 
factory made bends, and power machines to apply 
protective coatings. By using forged steel fittings, 
cast alloy steel valves, and stronger materials, 
operating pressures as high as 2000 lbs. have been 
achieved with safety, and on some new lines the 
high-pressure construction has permitted pumping 
stations to be spaced 100 or 200 miles apart in- 
stead of 40 or 60. 


The efficiency of field gathering-line systems has 
been raised by the modern practice of installing 
small, automatic pump stations, which eliminate the 
need for pump houses and are easily moved as 
conditions change. 


Although still in the pioneering stage of develop- 
ment, synchronized operation of all stations along 


a trunk line has proved advantages that promise 
its wide use on long lines. The system permits bet- 
ter pressure control and prompt detection of line 
losses, and eliminates the need of “floating” tanks 
at pump stations. 


Dependable oil meters have been developed in re- 
cent years, suitable for some pipe-line purposes. 
They are finding an increasing field of usefulness, 
particularly in California, both for measuring 
quantities of oil and for checking oil losses from 
pipe-line systems. 


An important step toward reduced maintenance 
costs of prime movers at pump stations has been the 
adoption of closed systems for cooling water. By 
their use much expense and shut-down time are 
avoided through control of scale formation and of 
corrosion in cylinder jackets. Wear of moving 
parts has been greatly retarded by removing for- 
eign matter from lubricating oils and fuels. 


The Amount and the Measurement of Internal 
Corrosion in Gasoline Pipelines—J. M. Pearson, 
before AMERICAN PETROLEUM INSTITUTE, 22nd An- 
nual Meeting, San Francisco, November, 1941. 


Difficulties in obtaining an accurate idea of the 
amount of internal corrosion in a gasoline line are 
discussed in connection with the available data. 


The results of measurements of débris removed, 
of measurements of the pipe wall, and of corro- 
sion suffered by test coupons are compared. The 
rates of corrosion determined so far vary from 
less than 0.1 up to 2 per cent of the pipe weight 
per year, depending upon location relative to gaso- 
line storage used as the source, and upon other 
factors such as throughput, use of scrapers, etc. 
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A method of measuring the weight loss of a teg 
joint of pipe in a continuously operating line jg 
described. The relation between weight per unig 
length, temperature, and electrical conductivity jg 
used to determine the pipe weight at any desired 
time by means of electrical measurements. Appl. 
cation of the method will serve to determine dig. 
tributions of corrosion; it will serve also as q 
control to determine the effectiveness of any 
remedial measures taken, or to determine the 
effect of scraping on corrosion rates. 


After observing that the present data are not com- 
plete enough for really quantitative conclusions, the 
following general statements are made: 


1. The rate of corrosion is higher in proportiog 
to the amount of moisture and oxygen introduced 
into the pipe line. 


2. The rate of corrosion is highest at the point 
where these elements enter the line, and drops 
rather sharply at the more remote points. 


3. Depending upon pumping rates (1), and upon 
location (2), the weight-loss rates of corrosion 
vary from 0.1 to 2.0 per cent of the pipe wall per 
year. 


4. There is some evidence that scrapers used to im- 
prove gasoline-line capacities increase the average 
rate of corrosion. 


5. The data contain no reason for alarm in regard 
to the effect of internal corrosion on the life ex- 
pectancy of gasoline lines. Soil corrosion and 
other external factors still deserve first consid- 
eration. 
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a ACHE aan CO. LTD. Can we be of service to you ? 


The illustration shows a group of Oxiey Arc-welded Tanks for oil 
storage, erected by us in Trinidad, B.W.1. We are specialists in the 


the world. 


andan 
London 
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design, manufacture, and erection of Tanks for the storage of 
petroleum, oil, etc., and operators and plant are sent to any part of 


A recent contract in Trinidad included the cutting down of a Riveted 
Tank 114’ 6” dia. x 35’ 4” deep, and re-erecting as a Welded Tank 
30 miles from the original site, all seams being welded instead of 
riveted, allowing the depth of the Tank to be increased to 38’ 6’. 
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